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(54) METHOD FOR MANUFACTURING NITRIDE SEMICONDUCTOR CHIP 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent cracking and 
chipping on a cut face, and an interface by dividing an area 
constituted of nitride semiconductor crystal into chips by 
using a plurality of division grooves formed on a wafer. 
SOLUTION: An n-type GaN buffer layer 101 is formed, and 
then an n-type AIGaN clad layer 102 is formed, and a 
multiplex quantum well layer 103 being an active layer, a p- 
type AIGaN clad layer 104 and a p-type GaN contact layer 

105 are formed. A wafer is reversed and n-type electrodes 

1 06 are pattern-formed on the side of a GaN substrate. 
Then, the wafer is set in a dicer and first split grooves 108 
are formed and second split grooves 109 are formed on the 
GaN substrate side of the wafer. An area constituted of 
nitride semiconductor crystal is chip-divided by using the 
split grooves 108 and 109. 
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^feot, BUfBO^/X— fC„ II /A COB 1 0>My9f£ 

t *ss*b*#»{*^ ^(DSisa 0 

igi^ioysf^mMo^^^ttfc^L. friB^m/x 
— offe^cDs±(ci|ii^(DB 2 a>m y St* l < j±^(t»* 

FJfMO^ ^ ^MtMtl.c £ £*#tSt ^SJiEIS* 

lv 89fBe»<Z>m2eDHy3lt,L<f*^ft3tSJg^mS 
C t *»«i:-r*«E»*a2rclElta>*ft**W*^ 20 

[m*ii4] ifriB^a>mi(os»]y^^. ffiriB*s&a> 
S2©aystL< ^{fS^BfrlB^^/N-a>-^(D® 

;iTteoT. ffiIBSS«®«^^SffB^^b«i##»:|^M 
<tiSti:©#®^ L < y t» < S3 yftjftffl 

3&<a^««i ©ay***aa>^ry^»*r=»i«-r** 
nit, mtzmit^m&mmfr * . mmm 1 o>m y 

st. »B*i«>ayjpt*fc«±«2«>B!iyaitffii^Tfi 

7 ] ifrfBm 1 y mm® t mum 2 cd»j y 
3tJS«*fciiJS3<Diiiy3tiSfl»ta>3E)i35<i soAimJii 
T(=^-^>xs^m«-r^^t^^at^-^s*Ji2X[i 

3 X(£ 5 xii 6 (cE«a>M*btt^*{*T v ?a>W&fi 

ft. 

[»**8i »ffi»2<7)Sijy3tj£®a>^fiefi:a^. utr 
-r « c t ***«t -r 3 xi* 6 iztm&mim* 50 



[»*I19] ttE*2fl!>ay3lJ6»*l»E^Xy\— (0 
SfrfBO^/\-<D^b%^ttJgtM^b^##»Jl^ta> 

1-20>^fp3. < 1 - 1 O 0>^fS] N <000 1 >^ 

ifik < o - 1 1 1 >*eu < o 1 - 1 o >*fpj7bN 5 

« 1 T^M 9 (Dlx-r*L*Mc|B«a>^b«B**f*^ ^ :7a>« 

^<£>*i®*<. M<b$3#^&ji(D [1-100] I, {1 
1-20} |, {000 1}®. {0-111}®. 

{01 — 12} m<Dftfrfr^&z^t&ftmt^&m& 

umm 1 2] Mib^^^^-r^- kcdfjtMgd 
ffl^st-r^t^. miBfi32Ltsms(D. ^r&icoM^ 

^^^M^m^lCllt. L=< 11-20 
>*lR}t?S=:< 1 - 1 0 O^fnk L = <O001>^ 

|p}^S = <2- 1 - 1 0>^[dK L = <0 - 1 1 1 >^ 
fS]"eS=<2- 1 - 1 0>£-fpk L=<000 1>^|p] 

ts = <oi-i o>^[S] > ^5jtt^cDffl^^i±-efc 

Z>Z.t SftStttliB*a 1 7!il9 (7)L^ti7!)>|cfBm(7) 

[is^ii 1 3] mibte^mti&iftV'tx— k comm<D 
o 1 Jsi-b4isiT-ca&*ctsw«fr*»*ai 2fsm 

[0001] 

mw<om*z>tm&m *%mt. n X A i y 

GazN (O^x^K O^y^K x+y + z=1) 

<. *H*yA<Brli<D-9--fX(c»9Jf -5*2fe*Siet-r 

o 

[0 0 0 2] 
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[O O O 3] 

(c < < . mtitzt LTt»-ti^7-^w^ e> 

[0004] ft§3¥ 1 1 - 4 O 4 8 Mfc*^ 

®-efc£M® {1 1-00} -r?^^(c^i»f^^-^^"e 
[ooos] cc-e. »b1fc*»fta)^#HB-e**M 

fifil*. (OOOD S«l::**LT3«?fttU Bl«ic«r 

1*0) £3*tfc£o 

[0 0 0 6] <hC5*<* ^#Ba*ifi]"Cl*fti^< 1-10 

3 oj*-r*Lfc*ifii «1 i-2o>*^i) \zmhx 

#g3^rS]<Z><1 1 -2 0>*fil=»oTf ^^»«Lt 

[0 0 0 7] ±fB< 1 1 -2 0>SrlRrO>^#B3tt«±. ^ 
^ ;?#a^&±^*«l=*afc*ftTM*fc&*<* x.fB— 

[0 0 0 8] 



< 1 1 2 oia±<D«»<Ba U 31 t L < 

•5)X^<h. ttE««a>wy*a>a% 1 oii«rflES««(c 
«*(Dwyj(i*»«-r*xsi. ^o>tta>MyamttK 
att<&ay»a*y*»<**xafc*Jiau nais^ 
x/\— Lfc»lH*«a>»J y »*fflt^ra<b**» 

[0 0 0 9] **HBti\ ailt***Lftl^btt^3M* 
10 S«x(c. p^Bi: nSHCCcfcoTft^ixtcattBS:* 

■r « *fla&fr * a*afta**<ta *aa Lfc o x/\ 

— CijSlvc. WfE^x/N— <DS^b«l*»tt:SfiS(cWii 

ffiiEm 1 (DSjyxoa^^R-r^fia-c. «rK^x/\— 

(DM<b«5#«»SBSDlcSf/=fc|g 2 <D9I y m*Y&ffrt & 

tm^. m&mMDWwmit*. 1 ) t*2a>ay»«*» 
<*-*xb£* wiE«ia>wy*t«2a)ay3t^o 

££f#m<t-r<£> 0 ±iExfi^^it"^-<t(Ccfcor. 

20 ^^SS^^^^bte^^-efc^cir^f,. H- 

(D^#HM»tt**"r*ctt. «i a>aysiA<»2<Dffl 
y*<fey *3ia*<j£<. «uB20)iy«i^ 

Itr^O^-r^C^lc^y. » 2 (Bffly oTWfttc 

?SJt^e>Ki& 2 ©a y 3tJS«T*a>« 1 cd a y mom 

„ ^fc. »«o>*^« 2 <oay 

1 a>ay*fi^*2(Day»B*<Rft^ssi±. _b*a> 
5 au sao*t^ 2 ©a y si^^atifcatta 
ay»«(Di£^ai doayaiiciia-r*^*. mm 
a^ta^a 2 o>a y sit^ t>nttT^^iRiica^fc 
<h lt^j. ai<Day»a*<itt^fcto(c. «E»«xca 
ttfcatt^^m 1 ©ay»is»icsij5i"r^ci:*<-e# 

[0010] aa^MLftu^aiba^MM* 

-r ^ »Bas^ t> ft aft***»B * ifcOi/N 

<b=Fv zttevtvn 1 com y ssitticiat^n^, 
«rfBis 1 <omi^m<omt^sc-t^iu.mx^ mtm 1 o>a 
y;gj£^*ic«ffc(^3<D9jy^^^-r^<t^{c. m 
ibis 1 o>ay»aj:y t^3coay»fi^<-r^xii 

£ . fiJlEB 3 (Dtl y 3tl^>fto ThuIE^x/\— ^ 
i:»at4l8*IHt4Ci:*»ai:t«c xfEx^i 
Siit^-^l^ot, jaftRtSfit^mcD^biBa 
50 ^ft-e&^c^^t). H— #ga**tt**-t-^c:i: 
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otiii, ^o. fg 1 £S3<Dffly*ic#ttT«iirr 
* 1 «)liy}p|(=:J:orJB»««c»< ftofc»»T?S«tt 

ay»t*««c»jaLfca>i*. <ssfit««a>**®» 

[0 0 1 1] *3l***LftL^b4k¥S|tt 

■r « Mm^ ft jsil/c^i/n 

(D^^y^mxm 1 flo«y»*tBtticwrr*x«£. 
ttlB*ia>»y»a)iB^fta'#-«tt«T?. B?rE^x/\- 
o)Sfttt^HiiHiJiii!=Kfei=« 2 cDfij y m^mmt & 
tmz. gjismiflotiysiScfcy tig2a>ay35iB^a 
<-r*x«£ % ttK*i a>w y*a>«i:^a-r -see 
t?. iiiBmi^ay^sgp^fcgrfcfcmaosifyst*^ 
j^-r^^^fc. ttcftifloaiyam^y ttKsomvm 

«*»<-T*XiI±. MfBm 2 a>S4 y 3| £ fjfBB 3 (DM 20 

loo 1 2] **w±. S1b«h¥«»fii^flE)»KC± 
fcSttH * ^"T & & ft «Sib«¥*«J| nt m 

aMRfflicjjfaa)^ y$mxm 1 osj yaue»£*rES 30 

<b#^»i*«i£«aM6£fl&#»* L < f£K#®cfc y t 

KMnnxg^:, tnB«ia>ny9ia>fB^dst 

cfcytB2(DiiyiiB*»<««2iit, mean 
a>sy*o«*^a-r*ti*-c. we* 1 doiyicf 

» y 3te«fc y 3 ouj y 3»s£» <«i3 n© 5 

*>. S1 xa*jK2Xf|£;BltT«MB'^X/\— 
ttC^llt^ll, fc£LM£fg 1 XfM£B3Xfi£3UN 40 

r«rlB^x/N— *^^^«(c»9j^-^xa. s&ici*. 

^«lc^ii|^-^x|i(D5*>> »fc**IHlvc^:7*HH 
t^^Ilt^^Sa^«c ±Ex«*JMi 
«^i:^oT, . »10>ffly*««Kl*M*. 

#*{*ti4*ft««»*T?k*fc«>^#BB*<*fty. x 

[ 0 o 1 3 ] *«HM*« x»=*ft < <t t*****-r 

*«b**m«MRtji«-r*ctt»«fr*. 50 



[0 0 14] **WI±. i^i¥ift^IS«± 
(c. < tfilJ *t LMoII^ 2 o mVUcD 

or***ufcSttJit*r**««^&ft*S<b»* 

4b*#»ftat«Bfc»M0)^^^»*T?Ki (DWy»* 
»*BffE^b«B**i*ISKi:SSSi:G>*®t L < (£» 

MESS 1 (Z>9J y at 

©Mli&atittlT, »E^xy\— ^ffi<b**SW*» 

■H(c«ffcic*2<Di(yait»a-r*tft(c. mum 1 

<d« y jrhm: Utl2 tf>a y sm&k <t^S2 11 
*ts futsm 1 (Diiju^cD^<t^^^^gx. mum 1 
(osj y m*4>ic«rfcicK 3 a>m y mztem-tzt * 
(c. sisf 1 G>sijy3fK«fcy *9S3<Dayam£2t<-r 

£tg3X*§0>d*>. * 1 Xfi^l^X^ffl^TME^ 
X/N— *^^^«fC^a^^XS. fe^l^lXH^ 

*3xssffli^r«rE^x/\--*^^>' , tt(c»»i-r*x 
^x/N-s^^^ttrc^ai-rsxsod*). fir*tfr*ffl 

Jtft^flS^ ^77-T7««) -tlC 20/i 

m)»JboiUia>X1btt¥«»K*Wi LT***wa>ja 

(4. ^b1***<*i:iiRft^«at«^fc^fc«)^^BBA< 
fifty. Ml±te*flfc^*BB**t-&cttBI6JtL. FJf 

K— e>^*fTofcJ5Kfl!>M<b«B*SH»Bt 
mz-li* 300/im) &B!&Ltztc.?>^ 8Sffi±fc 

c^Jsya>**</h*^ofcc K — tf LTt^ft 
a>*Mt*-v>*iRi(c cfc o r . »^ rc «mx* c 1 1< l l it 

*IS*il9<7>J;dfci£S§£ K— L/=«R(D^b» 
fiy tf/h* < . WE^a>tt«K*t L < UW5FIrHcJ;oT 

[0015] **««=^-rjs*ic-r -seizor, m 
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2 O OjumfilWb^at^d^A^t^o 

[0016] *%bmi£. < t ^m^m^-^mit 

[0017] **^i±«rE«2a>9jy9U6»a>^ja{i* 
miE^x/N— fl!)sttjftt««fcy**<»rt , #"*xa 

[0 0 18] WK^ttSiySJjSW^ttfB^ 

mmt<D&mizMm't&j:m. &>&im** mum 2 om 
y aus«* BtriH#®ct: y t»ae < Mt^xi^fttti) 

<&<, CKB-irlc^y . ??^MO>R)L 

&^tti<x*$&tmz. «2<D»jy3tJS«A<*a** k— 
*«*<D*a><&#arr?*y* i&nt£;£< k— e>^ur 

[00 1 9] **WI4. IHBff 10>My9t~ K2<D«y 

in. «3a>ay3ta>. »»**fii*<. s«:*i¥»{msb 

<1 1 -2 0>*IrL < 1 - 1 O 0>*f^3. <0 O 
O 1 >*|SU <0 - 1 1 1 >3riSL <0 1 - 1 0>Jj[fi 
7^£>5 7. 6° (&*IrI(D* fa/ft^T? fa&^t £$f ^ t -? 

[0020] *mMtt. jLiB^^^»»jf=cfcor»a* 
titzt^ommtf. s^b«s**tMSfto> {1-100} 

®. [1 1-20] I, (O 00 1)®. {0-11 
-jj {0 1 — 12} jS<D^/KfrTffo£C££^£!c£ 

u--*y-f*- 

Ji£*(D5^— *®t£. {1-100} ®T?^^C^7b<^ 

[0021] «t**»»«ty-ft- k© 

0«^*5-t±*<^b«i***S|gaic|BL-c. l = < 1 1 

-2 0>*lRj-OS=< 1 - 1 0 0>2f[$L L = <000 
1 >#!S]T?S=<2- 1 - 1 0>*fRK L=<0-11 
1 >^^}T7S=<2- 1 - 1 0>*f*k L = <000 1 

>*Fp]T?S = <0 1 - 1 0>Jjfa. (DfaftfrOM^fr 

^LtW<Wt^-<i:^^^o cockle* 

y. ^yz?ftm^&^x%±^&w*^&&mmtz>^ 50 



[0 0 2 2] **9lfi. Sfc*##ft*3fey-f^— K0> 
rf><1. 0 1 \>jL±4VLTVfoZ>^t$:%fmt-f& 0 C£>C 

^{Ccty, rc<7>jgiai7&^ »*a<»jy3t(::;&£inx. 
&iz % Tvzr&m&mwktz&mmz* ±tzxzi<»mmx 

[ o o 2 3 ] «neK1btt¥*1*Sfi3bc. G a 

[0 0 2 4] 

^a^itu *«#HflttBJ*«a£ (ETF. MO 
CVDJ) „ #T*Bxfcf**>— ft (£TF. MBE;i) . 
/\-f K^-f Kft«**ft (£TF. HVPEIJ) t?trao 

[0 0 2 5] i^T(C. SSiLtGaNlftSfflLV J* 
tLtMOCVDSSffl I Sat L /cS*b«a*S> 

^£*lTb^S^T?fe;ftl£&< . A I xGay I nzN 
(x + y + 2= 1 ) *KT?fcoT*ifil^o ^fc. A I x 
GaylnzN ( x + y + z = 1 ) ^3t7C*tf> 

f*3. $11 0%lg^T (fcf£U Ts^rS^-cfc^c:^) 

P. As. S b(Dflfe<D5c*lC|Etft**tTUT:=bJ: 

L x o tf (c . ^b4fc#«teu-+ftf>*§£\ Ili^-Ko 
i£«Mb<7>*=tf>(::* KIcfc y tJH*T*a>ftt^JiA<» 

KHO>n«!J^ffiLr^*^fl*<fcy. A I G a N 

it. SWfftO)Cl I000 1] S«lCOLVTlHt£ 
LTl^7b<. ^1b^9#^*<DA® {1 1-2 0} S*. 
Sfc«B**flKO>Ra {1-10 2} S*. ^b^S* 
(DM® {1-100} S«*fflt>Tti&l^o L*^Lft*< 

[oo2 6] mmcDMm 1 ) i-ci*. a 

[0027] i1 (a) lt % CM (0001) nMGa 
NJS100, n!GaN^77l10K n|A I 
xi Gal-xl N^7^KI102, 5§ttH 1 0 3. p^A 

I x2 G a 1-x2 Nt?3v K® 104, piGa N^>$0 

hno5, n mmm 1 o 6 . P in 107. ig 1 a> 
9jy«i 0 8. «20>9jy3t 1 0 97^)^b^SlS^^^rl^ 



(6) 



ft §32001 -085736 



[0028] £lT(Cgn (a) 0>S4kft.N£«t*«jfc?-< 
[0 0 2 9] HVPEj^ISi (fflx.fi. ^ 

r>f7lffi) KcIKDGaN^ilL, -ta>«. EFfg 

W7 7>f7S«*H^y, i^400/im, 

2-f >f 0(DCI (O O O 1) n^GaN»|£100£ 

MLfc 0 InlGaNH^nllttlt S i £ K™ 

1 O l8 /cm 3 ^ofc„ £ Z>t~, mmnmG a NSfe 

1 X 1 0"/cm3tf>j&fi§£ K-t°>^LT^ 10 
-So ^(C. MOCVDlliC, MIS nMG a Nil 1 O 

77I10U1 /imMLfco 3niGaNM^7 
7llt SSf n£G a Nlf «S^#l:± 
C/c. niGaNS«a>SiI^O)llQ, S&fifrfc^P 

v— ^>«ffiE3iaa)at« c^ffl^b) £ Burets ittc/i-efc 

1 O 1 ^f-tT 2 # m^0> nlAlxlGai-xl 

1 =0TMU: o 3fc|C v ^*0>SK£7 O 0°C~ 8 O 
0°CH^fCTtf. 3SS80>. I^4nm0I nO.35 Ga 
0.65 N^FI^I^ 6 n mCD I nQ. 02 G a 0. 98 Ngfl 

*y c^iit#fI) io3«i 

<T=t*£lK ^tz. P»IttGaNTi*i*lTL>tt 

[ O O 3 O ] ^fc. grW&&&nif 1 O 5 0°C£Tf 30 
LT\ ^^2 O nm^plA I x2 G a 1-x2 H^P'yV KH 

1 O4j*g«o *Ht£o>&£-ett:. x2 = o. 2t 

MIL ^tf>ft. O- 2/fBi©I^plGaN3>^ 
£ hI1 0 5£l**Lfc o 

[ o o 3 1 ] *mmo>mm(D7£&m 10311 3 mm& 

[O O 3 2] MI^-lT#F-e. ****** 3 7 40 
#i/t)t£*lTUT\ 3 7 O n mETF<Z>»#f*. 

^FiliGaN^biSStLXi^ BtMJir**ft< i 
KI10 2^pi^7fKI10 4lt A I £#i;M<b 



[0 0 3 3] ±fB;SttH*(D#FS*/cI±aSJi(Z>^« 
IfcH Si, G e , O. C. Zn. Be. M g (Diaijxfr 

[0034] plGaNU>^^ KH O50)pl^|| 
ttXftl** pitSl O 7(D^figfeg(CfSj*NoT. pi 
5F«»««**< Lfc*A<»*L^ 0 CttC^dJcy p 

[0035] piGaND>^^hl1 
0 MOCVDgi0U7^^~-^l^±il 

+^yT*rx^NH3ic^7Lr. 6o°c/5>t?;^s^^ 

T£-t±fc 0 3t«SJ*A<8 5 0°ClcgiL/=ttja-e. NH3 

MS*T?ITF£-t!7=o ±IH»«<30«}#SJSI±6 5 
0Wb9 0 0WI4<»*L<. #«B#filli. 3»1SI 

SI*. 3 0°C/$m±j6<»*Ll\> 
[003 6] C0cfc5lCLT^g^fc)ilgI^77> 

«fcl)=J>^^ hg^tiMLTWco S IMS (Sac 
ondary ionmass spectrosco 
py) i®*iSS*<p!GaNq 
>^^hI10 5««ffiafiftT?3 x 1 0«8/cm3^T 

[0 0 3 7] *W#6frj:*W»lcj:*4:, 

NH33?H«i*-cs«ajS*sa*-c»T*-&fc 

ONH3#lg^i-Cfc-5<!:#^bWo c<O^IB7k 

ft^TWo «rlH»B**«JSr*. 5xlOlVcm 

[003 8] u(Dil: P SGaNq>^hI105^ 
+-V l J7tfX*N2T?S*U NH3 

T. P £Hk*CU AARSK6lDifi«a)SB*i|IXA$ 

(pSM0)MS) =&l»*-r-&B»:i±. 1 o 
n miSL-t36<»* L < . (*i:±Bllt4l>tf, l»Sffii£« 
<DaB7kX»E*<5 x 1 0^/cm 3 ^T(C7^^c<tA< 
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[0 0 3 9] JiB*ft*#SW*:*fty-f3i— Kffi 

[0 0 4 0] ±IEOx/\-^GaNlMJ^il 
JS**1 50/i mCL, ^®£i5L*-f£o GaN»«® 

**;Rt/BHbR*i»su pi, nmnu(D^>$<? 

!GaN3>^ hI1 O 5±(C % P d (4 nm) 

o ( 3 n m) /A u ( 1 0 0 n m) CDWIIC 51*14 P M 

m« i07su v^^^-f — >»*ufc 

M©B***ALWb, 5 0 0°CTN2^iI 20 

[004 1 ] ^(C % ^X/N-^ilLCLt, G a NS 
T i ( 1 5 n m) /A I ( 1 5 O n m) \Z£.Z> 
nlti106$, »JV^77^-SI^^->il« 

ir^o coat. 3Bftia*«<z>pS»a/<*— >o)$m{iL 
mtm&ttmi^. nns^$->si«i, mo. « 30 

[o o 4 2] ifriso^/N— -ic-tr^ h is mo 

rru t°7f 3 50/i m0B 1 (Dffl «J 31 1 0 8*. B1 

(b) \z^fa=FmtkX+MmLtz 0 sia>a«JSii, n 
MM® 1 O 6 3&<a«**iTl^^»»(c^|«-r^Ci:*< 

[0 0 4 3]*:, -)l/\-(DGaNSfi»:8iv- 40 

(piG a N=l>£^ KM 1 0 5^@) JllC x t°^f 3 
5 0jum. ;££0. 1 //rru «B5^mt-|IX^7-f 

[C. PSl:LtX^7^fWo C0i(Clt3 5O/i 
m^f^^^xtdCX^^-f^^OSA^ ffi 
2fl>*jy3f1 0 9«« o fcf£U «2(DS»jy«1 
0 9 (D^fiS{*. ItJlEB 1 0>9] y 311 0 8 (7>««(D(S 50 



X^^-f ^<7)*fpl(i. S<b«B#»i*:ic»Lr< 1 1-2 

o>**:ii< 1-10 o>^r(^]-efe^o Sfc. is 2 cDfi] 
U3ti 0 9tsgia>ay»i 0 8tH«ic«aA<aai* 

[0 0 4 4] X^-T^lfe. I^f-V'^ML, 0 

[0 0 4 5] *HJ60)^JB-t?. #B*ya<F/rMa>fl^« 
T?**^#*ir#fc<Di** **Ji**t?»btt¥Wtt« 
*. SfH* K— t°>^L/=P^O>S^b«i*»{*:a«Ji(c 
»J*U Mo. -Jgfc^Bftt-6c<t&:< . »1<MMy3l 

t«2(D«iy3i*^«L. *2(D»jy3K±»ioay3i 

«tt**L. ft«*(cttiHA< K — k: > £ fox &tz&> 

^mfymmi^-otzctt, n o>s»y3i36<JS2a>ay 
3i«fcy t3t«*<is<. *i t*2floiiy3iic»(+ 

»i y 3f is»a^ * 2 cdsj y 3ue»T*<Dse 1 ©a y 3f 

[0 0 4 6] Sfc, 3t*50>»L^2(D»jy3f*ISa** 

[0047] Kia>«iy3i4i^iit2(Daiy3mEtfii«:« 

±3*0) £51=. 9jy3HS0>»^*2(DS!iy3l^ 
6W*LfcW*L«35<. ffly3MM>l£^JB 1 oMystumai 
ffiBE9J3K«A<SB2<D»jy3titT*^n+LT» 

«>*iRi(=»*tfct Lrt. »ia>9iy3MK*<jKi^fcft 
[0 0 4 8] »b«i¥#«KC4>l=tt* K— tf>^ Lfc 

M(COl^Ti-<fc<bC5, HU10' 4 /c 

<ig*£ K— t e >^LrUN*l^b«3^»Sffi(cJt-< 
^{cS«*»9l-r^ci<t^-e#/co hvp 

— t c >^*ffofc»Ra>^b«8#*ft:K (0>l^ii. 3 o 

r. a«i:jsiit<3!>»i»a«»accfcoT:±i:ssy(D 
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[0049] sfircotvrii. ^-eii&u^. mitm 
*m&&fa£mmLxi^ i i iws^visK^i:© 

[oo5o] ^HSfecD^-eii. Ifn 0>§yy;ffcDP;£fc 
E C R i *v f > ^SllOf ^ ^ 1 U ^ ^ ^ 

^ 0 ^i^hi^^u m*.t£. mmm. 

mvmftLtztt'f zs><fiz&&/\-7j}y horn, 

[oo52] *n*fecD^s-ef*. m2<DS»jy^ts 
o)%miz*9 ^-c y&&m ±m^~j 

l> 0 ftifftga. 3s*g£$fc<. mrommi^ mmmtf*! 

^-f >£f£l£L*:3&^ B1 (c) lZ7jk-f£5lzO 

[0 0 5 4] *H*fe<Z>ff^-e. GaNSMl 

I±2 0 0/imKlT35<»*L<. ££>(C£?£L<f£l SO 

ev^t^^^iao T #SM<§« icfcofc #\ F/fMCD 



[0055] ^mmmmcD&diz, miotwmom 

♦I**feg<b. JB2<DWyaK03MB+*fi«^35<-§aL 

£LUj5<. (7>H^ (GaNSt0)IW A<St 

££ic. *ifl!>ayaitsB2a>ay*i:36<*aLT^ft 

(««) ^IttKt^fc^c 

[0056] Ga N&m<Dmft<»Tmmi*. 

&*y(ct*-r^i: % flt^fb<D*=&<D^P-feX 
[0 0 5 7] SIh-t°>9ihfcGaNiS4 

^fcGaNS«*i<t^*MLr, HKDWygia) 

tcG a NS^CDS^^lHl^llC. 2 0 0^mi^T^^U 

fc^ o 

[00 5 8] (gUfeOJ&flg 2 ) *H)S6©M® 2^lt jg 

1 a>9jyai*i=*3a>ay3i*^Lr. Tvzfftmt 

[O 0 5 9] ®2(£. Cm (0 O O 1 ) niG a 
200. nMG a NA^77i2 O K niAlxl Ga 
t-xl HO^>V K12 0 2. ;£ffil2 O 3. p^A I x2 G 
30 al-x2N^7 l >Kl204, P lGaNq>^F|2 
05. nSll206, pII1207,S1O|JI-JS 

2 0 8. m3CDil]y^2 O 9^t>18j££5h.Tt^o G a 
NSfi2 0 0^ N 1 0>Vcm3 K~ t° 

[00 60] HI 2 0>S4b*^«{*ft3fc9V 

[o o 6 1 ] «IHS<b!ft#SK*»*y-f F*^*^ 
^ L ^X/N-0) T ^ ^t«J (C O L> r i^Bj-^ c 

40 £-T£ 0 

[0 0 6 2] ±IB0^\— 0>Ga N&fom&Wm 

ffiCcfcyfSLT, «IK-e>^tLfcGaNlfiO) 
I^j250/im|Ct§ 0 C£><fc£. ill^iSCL 

50 -r^fc^lXfrao «^r. piGaN3>^^hl20 
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5_t(C. P d (7 n m) /A u ( 8 0 n m) (DIRCl, 51 
P US 2 O 7 $ Ox/\-±Il^ffM Lfct, JKfi 
0)BiStALftA<b. 4 5 0 0 CtN2#iI*-(!7- 
— ju£fTofco ccDC^rd^y. P iiSM:J;^3 

IILC LT\ G a N&MJlC. T i (1 5 n m) /A 
I (15 0nm) (Cj:|)nill2 0 6j, ^IA-^ 

[O 0 6 3] buiHOx/n— i«r-fU- ic-tr^ h L. Ox 
/\-(DG a NSMJC, G a NSI0< 1-10 0 >^ 

O jL/ m £ . < 1 1-20 >^[S] (frfB< 1-10 0 >*T 

fatmmjjfa) raot, i^so^m. &w3 0/i 

rru t°'Vf 3OO/im0, I 1 0fJUS2 O 8 ngJ 

[0 0 6 4] ff1<DHU9H±* m«*iit^-<b:^#ii-r 
aa>«ia. aBftBBwa>tt*fc*B«i(=. nil, P mm 

^2 0 7) (Ctt*->— hSteftL. X^-f'<— (D^— 

■e. sr 1 a>»jy*is»a>i5[S**«ic>ftoT. t°^f3 

50/im, /i m£< 1 - 1 O O >^ 

iC^TLTMlS^fSl (<1 1-2 0>^[S3) IC. \£y?3 
OO/irn. «3/im, &|g 5 \i m^B 1 <Dtt lU 91 J£SI* 

^-f ^^-o^Ati. *3(D9iy9t2 0 9i^nR-r^c 

[0066] l3gfA"y^SI»»L, 0 

I/\-$f-^brtllSl^ GaNSfi»bg< 
Q~^— T2WL%X&mi^& 1 ) > 2>f>f00 f )X/\- 
^b350/imX300^ mftOf 7^S:^Mf:o T 

[0 0 6 7] *H*te<Z>P^-e. $H*9ft<BrSWtt 
ffiMKU Mo. -Jgfc^ft-f £C£#:<. JSKD«y* 

t!B3(Dayat*^jsitL, «3a>ay*s*ia>ay» 



U a«4Mcttfltrt< K — 1° > £ ti T I x ^ fr to ^ 9J £ * II 

^icT^ofcc^^. ffi3<D«y»£gn <z>n y 8ue»a> 
iacis***i=»o r»*-r * c fc (ci: y . « 3 on y » 

[0 0 6 8] £fc. Sijy«*S««J(=^jSLtc(D(i. *S 

10 [00 e 9] aft«B#»«*«*(c**K— 

[0070] *HS6<Di^®-cid:. «ia>«ysia)»ai= 
4f>T v>^*«ffiLf=A<. Ox-/ hx^f>^ K^-r 

x ? ^>?m\z k&it^Mtt&xm&i&M itts 

£ 0 ^i^ hx->f>^(t «*ri* Ifcgiig. 
[o 0 7 1 ] M3Bn«:Ji^A^&£: LTI*. **JB(D^ 

an*. a3^ay9Ms«fcy*ij£< L&itJfciifc&fc^fc 

[0072] **jfc0>fl2«s-eid\ *3©#jysRB 

3<D»jy3t^jaicfct^Ti*. x^>r l 
-o&mmLtztf. mi u) (c^t^a^^x/x-tf) 

T^&lV -<7>*i^ «5x/\- a>«RJS*<1 5 0jtimm 

t. tL<i*. S3(Diijyatie»35^fta^««i^>*s 

40 [0073] ^mmommo^^iz^ % 1 a>ay»*i= 
lB3<D9jy/**^Lre«W(w*< &ofc3Ms-e. o 
xa- s^^^a-r^fcto. B3(D9]y»je«PA^e>« 

WIE«]»rffi!il*. ^ K— t°>^$frofcG a NSI(7) 

H^<tP«{c. 200jumiUTW*L<, 

L < it 1 50/i m£lTi?&£o HUfE^I^rSigtOJi^cDT 

K(6f±. »icBt>ftt^ fc*yict»-r^^<t. 

>fb(Dfcto(7)^P^X*{cOxy\--7b<fiJtl^T L^^fc 
to. S«»riii!ta>TPBfli(±5 0 tim\&±tfm& Ll^o 
50 [0 0 7 4] **J6tD»ll"CW*Lfctt** K— 
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^200/imi:UtI<LtMo Z. t \Z £ I) % fij 

[0075] (mm<DMm3) ^mmmm3xit. m 

m y mcD^mizm 2 <om y m^mm l x . =?vj&m 
^-^mz-oi^xmm-t^o cc-e. mmmmmtit. 

SMI(^t^Ml*ittOi:tl) 0 10 
[0 0 7 6] M3it^ CM (O O O 1 ) nlG a Nli 
300. n!GaN/^;77i30 1, nMA i xl G a 
l-xl N^7^KI302, SS1303, p^A !x2G 
al-x2N^7^K!3 04, piGaN3>^M3 

0 5. nlll3 0 6, PIII3 0 7, % 1 0%\ y ffi 
3 O 8. f3©iyS309, B2<Df»y^3 1 Ofrh> 
«J***LTlv& 0 GaNSl300^|-|^IItl X 

1 0 ,6 /cm 3 J K — t'>^lTM 0 

[0077] ^3<£>^b*#*t*S£3fc#>f^-~ K0>g5t 

[o o 7 si «^^b«s#*i*^*^>r^i— vm^&M 

f&Ltz^^;\—e)^vzf&Mtz^i^xmm~?&o 

[0079] HHOx/N-OGaNSMIJil 

zmmthL mmiz-j-&) -r&<Dit. £TFi=2<<«ay 

t^&bxfo&o 

[ooso] m^^ -> l < itmmm&tt&Mfr 30 
tji(Di^mtmmmm^m±T^tzMz^5 o wt^x. P 

iGaN3>^hl305±C, Pd (3 nm) XT 
i ( 3 n m) /A u ( 1 2 n m) 0>HI(C. it^lt p « 

8307SU 7 7 -Sit / W - Lfctt, 
Moil^lAl^^b, so o°c-eN2#@m*-e 

7--i^tTofc 0 ^(D^^CckU, p^SS^lCcfc 

[O 0 8 1 ] #ac. OlA-^ULi: LTs G a Nl 
ffiflJlZ. Mo ( 1 5 nm) /A I (150nm) Ccfc-S 

-£fe£i±£ 0 50 



[0 0 8 2] tttB^X/\— £y-f-fr— fC-fe<s/ h 
X/\— (DG a NS«#J(C % < 1 - 1 0 O >*-|p](C>^o 
T. gg£2 0jHnru «2 O/lm, tf^f3 5 0/im 
<t. <1 1-2 0>7Jfpj (MfE*ft£SS*ft) r=»o 
T. 8fi20/im, t°^f345/im 

(o, jsio>i(y»3 0 8*»«Lfco *KD*jy*f*. 

[oo8 3] ;*tc. x^^-fy^— <d2V-¥^e> Ktf-e. 
m 1 a>wy»j6»a>srs4 i *iB(c»o-c. t°^3so 

U m. SS$5/irrK *g*g5/im£< 1 - 1 O O >7^[n](Z 

LTMltTafS] «1 1-2 0>7DfR]) (C. t°^f345 
/im. ^£5/im. IM5 0mrff 10My»J&flS<DIle 

l^*iraoT-@x^7^m o ^«:U3 

50^mX345/i mfaOT ~J Zffctji&J:? CX^7 -f 

:^-f>£A*u H3©sijy^3 09&i&m-t& 0 

[0 0 8 4] Ixl^T. Ol/N-^GaNSHl^tv 
— h£I£#U X^7>fA-0f-^±CGaNSffi 

(piGaN3>^hl305$|) _t(C. b° ^ ^ 3 
50|im, £ O . 1 jt/m. i(g5/imj< 1-10 0 

T^f^LTSitT^ «1 1 -2 o>*rin)) ic. -0 

X^7 ^-T :0iClT35O/imX345/im 

^sjy«3 1 oMt^o fcf£u *2o>ayai3 1 

OtD^figli. ttE»3(D»jyat3 0 9^J5fS-aL 

fc^g^^-^o »2<©*jy3i3 1 1 <z>*jy 
^3 0 8 tmmi~mmf)<&mt<ftxi^i^&mzMm^ 

[008 5] X^^^f^. M^.T^v<7$:M1&L. ^ 

^b350/imX345/i mftfl)f ^ T^J ^iff; 0 ^ 

-f. n»5FAo>«tL^**yaiLfcHr. *e*yi*9 8 

[0 0 8 6] *HJfe<D^i6T?. t^^<Firi(?)M 

**i G>»jy*4»rcfr»L. *p^t. »3<z>9jy3i^ 
ccDc^ic^y. n^a)^s 1 1 mmcoftm 2 
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[0 0 8 7] ^nmmmxit. n (om^^omm^ 
5t^is>y$:mmLtzrf. ^x^ hx^v^K^-r 

x-/^>^;£. U *3fi^>fc:-A 

6o ^x^hi7f^lt $Jxf£. ^^It. HftSflt. 

[00 8 8] feiS^^S^^<h Ltli, *H££cDff* 
[0 0 8 9] *^CDff^®-e(i. B 2 3 COfl] 

[oo9o] ^mmcDtim^it. ^icx^ 
^-r ^^-<>^^Lfc35<. mi (c) izTjk-t&^i^ 

[0091] ^mmmmx. ^iH-e>yL 

fcGa NSffiSil 1 1 2 O 0 // m§g*"el < Ltz 

*><. Tinned; 5 ^ y z?ftm$:B%>iz 

t^f^(C[iG a NS*fctf>JI£(£2 00|i mUl~FAW£ 
L<. ^bir^Klil 50/im)^± 
tm&Lfr^tzo K-t°>^^tfofcGaN 

< lt^i^ ckd^^cd. flfriH-aKiiiBK*. **k— 

|»T*<»*L<* St>C:»SL<l*1 5 0/imUTR 5 

o/im^Ji±-efc^ 

* 2 a>«y sifl:«i*»*«*Jia>tt«*yaii 

[009 2] |4lt C® (0001) n!SG a NM 
400. nlGaNA^77l401, niA IxlGa 
i-x! N$ =? V KJf 4 O 2 . SttH 403. plA lx2G 



a!-x2N^777Kl404. P lGaN3>^hi4 
0 5. nSll406, pili4 0 7. ft 1 0>M y 9f 

4 0 8. ft2(DSjy»4 0 9fr£>|f J#£;ftTl^ 0 MIH 
G a N1I4 0 OI*. iS^;mj^2 x 1 0^/ C m 3 ^ K 

[0 0 9 3] i4 0)ltt¥§M*^Vt- K<DS5I 

[0 0 9 4] iilTlc. ±BSfc»^«Mt«fty-r3i— K 

10 £o 

[0 0 9 5] _hfB^X/\— (7)G a N^ffiflJ^Pa 

H££1 OO/imlcL. i£®i±JL£-f£ 0 

t, L < ii»»B*«b»i^&44a*iS»-e. UMBO 
[0096] OrfB^xyN— £ y v^^^-<— ftT? 

20 7X^M$L, *SiIiJ&Kfi!j<Z>@ ( p l^G a N 

hJB) £±(CLT. J5^tt-f^->x>>T>^g(c-t?^ 

< 1 - 1 0 0>^fpl(r^oT. 0. 5jUnru «*S1 

0/im. t°^f 350/imd:, <1 1 - 2 0 >^fS]{Z>^ 
oT. O. 5/im, ISK 1 0/im, t°7f 250/i 

m(D. *2(D9iyg|4 0 9£fl2jftLfc o ^-tf>&. 7X^7 
£i&yB&#. piGaN3>^hl405±C s Pd 
(4 nm) /A u ( 1 0 n m) fl)It, S!*tt p 

30 p ffi«sp#£ >mm Ltz a 

[0 0 9 7] #(C. MfBpm®Jf^^^tTofc^X/\— 
«S0)8**»AL^^b, 5 5 0°C"CN2fia 

[0 0 9 8] ;^(c. timA-tMom (pIISM®) 
h*ftfi#L. ?>f-y-fl)f-^±i:GaN 

H^m. "9" — T. GaNltflMil:, t°7f3 

5 0|im. K20|im, ^ipM5 0/im<t. t°^f 2 5 
40 0//m. ;££2 0/im. ^tl5 O /i mO, SR 1 0>U y 31 

4 0 8£. *tL?*l< 1-10 0>^fS]<t< 11-20 
>;frf£j{CP/& Lfco LT3 50/imX250/i 

KD«yai4 0 8*^«-r*o t=f£L. jEia>»iy*4 
o s (Dumikm.it. m 1 a y ^co^gis^^^i^fjfEm 

2CD9jyS4 o 9tf-at-&«k3i:tl)o 
[0 0 9 9] ^Vy>^t, I^fA-^ML, ^ 
l/\-*f-?^*6*L9y, Ox/\-0GaNM 
ill 5 nmCD£ >^Xf > (W) 
50 5 O nm(D7J^ ( A I ) (C J; ^ n SIfi4 0 6 $ fl^jjt 
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■T&o tom. GaNM»bg<n-7-tffL^ 

[o 1 oo] *njfeoi^s-e. *B*yj»<*aa>Hi« 

Mtu mo. -Kic«nrr«c^«c<. *2<z>»y?ji 
o>m y 1 y mm: y **< l & c 1 1= «* 
[0 1 o 1 ] o*y. m&mt&m&mmoymim^m 

JfiSt 6< K— fcf > 4f £ *LT ^ & fc tf>#SI t<m miztt^tzZL 

tt. 12 ©sty atMi«ik«^«««jittK j: y 
^i©»iy3i^m2<Daygi<*:y^3tS36<js£Lx 
c<bicj;y. nz&mvmtz&'DTmtitzmtimtf. & 
tewmzm-emtiztztbtat. m 2 com y ausw^ & 1* 
m 2 <7>a y ,?ijk»-f;&<&* 1 a>m y ^cDsajtDMM^ic 20 

[0102] B2«>aiyjJ|jE**<« SfcHMHIf* 

tfx*i*& 0 ntz<D&i*m 2 a>m y m^&A*momiz 

[0 1 O 3] L**Ltt*<&* *2 0>WyaitX-y^>y 
[o 1 0 4] Bfc**»iWWiti|c**K— e>^Lfc 

[0105] *n*fe<DP^-eti. »i a>Myaia>»A(c 

?>Tv^filUfc^ Ox>> hx 7 f>^ K^>T 
K^-f x SJ£tt-f^|-> 

£ e «?i^hi^f>m m*-\£. mmm. 

K2(D»y3MS«fcy*.l£< Lfcl*jKl«P&*:l*fc 

to. x*^-f^(=**«ia>«y fc*y»* 50 



[0107] *sij6(D^jB"t?i*. mz&mvmm 

Lj&>Lfcj6<Su *Xtta>ft*fi<D* m2<&9jygf 
ati»*Li^ 0 onftt&tf* c#i6a>x^^>^a*jpj 

fEx ^ T^VZffotzdhlzit. U 7 < -Sffilc £ 

[0108] &tz. ^mmommx^ *fistK— e>ifL 

fcGa NBSSiiLTI 0 0 /* mSffi*-t?SK Lfc 

-t&tzdbl^&G a NS^CDl5^fi2 0 0// mJSlTA<»* 
L<. ££>(c£?£L<fi1 5 0//m£lT. 5 0 // m£Lt 

[0 1 O 9] ikm K— fc:>^£frofcGa 

*<t4*atir, «ia>ay3i<Die»t«2(Dfjy 

L < l£ 1 50/i mJJlTs 50/1 mlJlltM 

*:HS6«>^®(DS«y3S{cAD^T. 3J£ It; 

^^^aLrtatv 01 (c) fc^r^? 
re. % 1 mm y at* l < itm 2 cow y *a>x v 

9R 1 cow y aueffi^ 2 tow y 3tis»*-co«jRffiK 

7b<1 SO^miaT-e&^C^^^Lt^ f:f:L ftufE 
[0110] (HS6(Dff2®5) *HJ*<o^S5^ Hffi 

s^i 0 ic *rr >5 **B-r t, (D t f « o 

[01 1 1] i5lt C® (0001) n^Ga 
5 00. ng|GaN/\^v7rl50K nlA IxlGa 
l-xl N O =? V KJB 5 0 2 . 503. plA lx2G 

al-x2N^?77 K1504. p|GaN3>^hl5 
0 5. niH506, pIlS5 0 7. % 1 OMyflf 
5 0 8. *2 0>»jy3|5 0 9 3bNt>«ja*iXTL^o ffilE 
Ga 0 *^«Jt 1 XlO»8/cm3JF 

[0 1 1 2] i5(7)ltt^M3t^M^-- KCDSit 
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[0 113] ±EK<b*^»it**y-f^— K 

l?l^£ffi£fi£Lfc^Xy\— CDT^^SJICOLN-C^f 

[0 1 14] £lT. ±!EOx/\-0Ga NSMI^il 

H££3 0 0 jtimlC-T^o ca><t#. WJSH£«®lcL 

^icfrdo $?cU N "C. ^i/\-^IIU: LT. GaNS 

T i ( 1 5 n m) o ( 1 5 0 n m) dck& 

ft. ggf^7^-e@f«o Bsa. if. g 

a N^mmnm (nIgiM -hfC. t o ^f3 50/i 
m. m£ 1 OOjUm. IfiSO/imt if ^ 1 50/i 
m. m$ 100/im, IB|g8 0 /i m(7X B 1 (D9J y jff 5 
08^, ^*l^h,< 1 - 1 0 0>Jjfat < 1 1 - 2 0> 20 
-%mizm-oTte!$.l,tza ^(D8Clt3 50/imXl5 

*U H 10i^l5 0 S&Mf&^f&o ?Hi/><?'ik. M 

-To 

[0115] isaja««<z>®s±rcLr (pig 

J&S^Jtf::. I^4/im, SB20/im, t°7f3 50 30 
A<m£. ;££4^m. 8fi20/im, t°^1 50/im 
CD. JR20>nU9|5 O 9£. ^ti?tl< 1 - 1 00>* 
[S]£<1 1 -2 0>-%mzfe'oTmj&Ltz 0 tztzL, % 
2 0>9J tJS509 (DP^&S(*. « 1 9I y * 5 O 8 (OtR 

*Ba>iifS +*«Jbi=«E* 2 o>m y * 5 o 9 A<-s-r * 

[0 116] -^tf>&. 7X^*9yR#, PIG a N3 
hISO 5_tlC. . P d (2 nm) i (2 n 

rn) /Au (10nm) C0WI(C % UV^7^-ftft^ 
fflt^S3fettpSli5 0 7 $/^->Mt^)o 3fe 40 

*AlWb, 6 o o°c^N2S5BSW 3 T?7=--Ji>£fr 
ofco ca>c<hl=cfcy. pilWl^^^^^h 

[0 1 17] Oi/\-JSSt^Lt, GaNl 

-^-■effiat^ficcfcy. 2-r ^ 

b350/imx150 /imft<X>^^:7££iSMSfco 



X <7 ^ -f 2 fC hk-< T 3HB # < . »- 0 Xy \- 3 fc y 

[0118] *mm<Dmm-z\ #«*y£<Brsa>flM* 

«yai*»rtL. »iiH*2(D9]yatis»*s<b«8#an* 
■t«nH»«i:©»H«fey *2a>sdyai 
i±SBi(7>9]ygi*5cfcy ufc-ticj; So o£ 

y »j6»*<aft*#sn*:Bit**i:a>*B * y . 
s 1 <om y ?^7b<m 2 <D9i y at j: y t awBMti^ ^tiz& 

y. S6 2fl>9Jy3tlc«fc-DT9l*Lfc9J*L«IA<. »S«KIB 

«fx?9j*tsfc ^(ctt . m 2 cd9j y mm&fr bii2 <z>9j 
y atis«T*a>jB 1 <Dm i )m<omu<bnmfr\zmm-f& 

3f*SG>»i^Ss 2 (D9J y 9f «ttAJ3tft«0>B(=i»A Ltz<0 

y**s^*2o>9iy3Ms* < mftSffiS^ hs6<d^®i 

[01 19] ft 2 <D9J y «iS«*<. S1b#i#^ 

*K^»«^(D*®<t:y*a5U^tf>. ^^^9J0)IS 

anc^^t§ 0 *fc. « 2 o>9iy 

e>yufcS<b*^»i*a«**-C?itLT^*ci: 

<*»«^(3r>ti(D(D»9JT?fcy. igff§£±< K-t°>^L 
TL>*i^b1ft¥SH**ffi^lt'<TSSlcT ^»9J-T 
^c<b^-e^l)c a<b**JWMt«*i=**K— 

[01 20] *HJfe(D^@^(i. |gKD9JyS0>^j$lc 

x >7)3k. Jfc*-f*>lf— A 

S c ^,^1,^^ ffilx.fi. ^^it. i&tfftt. 

L^A<f>. JS 1 <MH y SHI*. «2<D9iy3t#Scfcy tl£< 
[0121] ^fr. **JSa>»«T?tt. «2<D9iyaHH 
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0>mmz K7>fi^f>ySSfflL^ hi*; 
IBx ^ ^ >^*fr 5 fcJbfcM:* 'jv^77>r -fttBfc j; 

*^^^»»i-r*fc». « 1 on y 2 <z>ai 

BrEttl*. K— t?>4f*ffofcG a NlWI^t 

[0 12 3] £fc. *HJ6<D^-e^[JgLfc*6** K— 
*R6itLTl*S Q 

[0 12 4) *ni©^la>i y ^ {c jta ^ x . m3 0>9j 
ys^rir, mi<Day^4 3 fc>5tMim2(Diyy^4 3 > 
ti<it f 1 1*2 o>ay 3H5*ic % x^-f:?^ 
>SiSLTf^^attt»fit\ *f=* 01 (c) 
(CTjoTcfcdc:. mi<z>iyy3f=t L<r*IB2a>Wy^<Dii: 

L<f£. miCDay3tJS^^m20)9jy3llS«P^-e(D«l 
KHSt36<1 5 O^m^TT&Sc Ll^ fc*: 
U MB*^^&«ktf^»rI&Stf*. ***(c*|RK— fc? 

[0 12 5] (HJfe©^6) *HS6a>^®6li. HJfc 

o>jbj6 1 a>i&m k— e>y u/=s*b**»f*a« mm 

&(Omft 1 5 0 U m) *. ilh-t°>^^otl>^ 
l>Sft**#ft»« (Pfg«CDl?^ 1 0 O U m) 

Ltz&Lfttt. mmmmi tmctfo&o 

[0126] *mm<bMm<D?v?ftm\~'oi^Tm.BA-? 

ffi-rto>i:-r-6o oi/N-^GaNiHifMCet 

15**1 0 0/lmC«o 

[O 1 2 7] ffiFlB^X/N— ^^-f-tf— (C<fcy % GaN^ 
III:, i^30/im, *MB2 0/inru t°7f350/i 
m(D*1<D»y»1 0 8*. ttSAJMlOHl::;**^ 
A—lC^y % t^f350/im v ISO. 1jum. MR 



5/im(D|g2(D»jy3|1 0 9*0 1 ( b ) lC5^-ff&^ 
ttTff^L/co tztzL. |g2<D»jygf 1 0 9CDfF^fi® 

lis WEJRia>siyaii o s^jsts^f^fS^Ajg^-a 

IrJI*. tibWSftCMLK 1 1 -2 0>3;fcf£< 1 
- 1 O 0>7afS3-Cfe^>o 
[0 12 8] X^-f SL£^*^*«SfcU ^ 

— ^— -eWL^TS*!^ y % 2>r>f0oox/N-^ 

^i^*^y*Lfcm. #B*y«i9 2%^i±-e&o 
[0129] ^mmo>mmx^ y 9 o %£i_t<7x 

-§nc*sO»rr£c££:<. miOSijy^^^2(D9J 

y»*»i*u »2 0>»jy3tf*«i(D»jy*(Bcfcy t» 

z^tt. jBi©ay*35<jB2(Dwy3icfey t3»*5*<i£ 
<. ^o. mi irm2(Dsijy«^itT«iif-r^ci:[c 
*y. m 2 cDiifl y ^(c j; o xfijtLfcfijtL^. 
mm^mti&tz&biat, m 2 <z>»j y m&u&z&m 2 © 

u mmoy^v iz ^^r d <t ^< -c # -e 
*o »»Ba>*i^*2a>ay3t*isa«*«ja)®rc^jjtL 

[o 1 30] mm<DMmi k&<<zk. ^^^osb* 

y^gTLTi^^cDli. IfbiffMI+I^I K— 

^<^*2oj2iJi(z>»iygt*^*i±-rf=. -^ic^^ 
^s-r&itfcicjt^-c. *s*yii»i o%m±iPi_t 

[o 1 3 1 ] *^te^ff^^i?(i. le 1 cony 9|(d»aic 

40 >^ic &itmmttm-x?m : £mj£ u r t a 

So ^zc^ hx^f>^i, 7^8, 

mmmt&Mcom'£mmmtf$>z>o tzt±L. msbx^^ 

[0 13 2] M3BKl«:9l»Jft^a^ LTfi. *HJfe(D^ 
50 7^mtfflLTt6U 0 LfrL&*<&. *1-<DWy 
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#k 5 -f 1 (DSjy?it^j3c(i. fc*y»* 

Ll^l±l^*L^o £fc *gU6tf>fl2a§T?li. ft 2 CD9J 

[0133] ^mmoymmxit, fe^m^z^^y? 

^>£ffiM£L*:rf><. HI1 (c) fc^-f Jtaic^x/v-O) 
T. £L<f£. ft 1 <Z)Sfiy3lJS»^6IB2a>9jy3tJeW 

[0134] tain* K-e>^L-ci^unb»#»* 

J51TA<»* L < „ * L < (* 1 OO/i mfclT*<» 

* L^ofic K— fcf Lt l**l*Sfl:*¥*(* 

NS«*ft««fiLTi<t^f6i:, igsiK— 

ft 1 <?>a y sbghssp <t * 2 y m<om» t owmmrn 

K— fcf V^+tTl^l^G a NSffi(£>jl<^£[^*if::. 1 

50|i mlJlTAW* L < . * L < (* 1 OO/im 

[01 35] mmconm7) ^mmommyit. mm 

i^b«g**tfcS* (ilt^2O0 jUm) lefts 

[o 1 3 6] ^mmommm^v^mi^^xmm-t 

[0 13 7] Ol/^GaNlMJ^iliCctyi 

J200/im|:« 0 bSiHO^/n— "9— (Ccfcy . 
GaNlffiiC, < 1 - 1 O 0>;£ft(C}£oT\ 5 
Ojllm, «3 0 /i m. t°7f3 50/imh <1 1- 
2 0>^|p](C; / p^T> I^50/im, fifi30/im, fc° 
^^1 0 0//m<7X ft 1 (D9jyat2 O 8jiitl)c £c 
l^T. MfHft2(09iy^JS^(7>(S(^4 3 ^(^> / aoT. X 

^7^^/<— (cj;y. < 1 - 1 o 0>J[Sii:iSot, fcf^ 

f 3 50/im, g££ 3 /i rru &|g 5 /Jm^ < 1 1-2 



B5/im^ ft3(D9iy*2 0 9*^SELfco fcf£ U 

« 3 oa y sb 2 o 9 (Dj^jafitiE(±. tutEft 1 oa y at 2 
o s <djs»±(c. ffifHft 1 a>a y mmmcomztp&mt 

[0 13 8] X^-f K^*^£»tt:U ^ 

i/\-Sf-?^b^LSSiy, GaNSI»bg< 

^b3 50/imXlOO/< m^KDT^^^^^^tfzo 

10 -f . rtwaoi^a^yaiifcpif, *H*yi±8 9 

[0139] *SIJfe(Df^lB-e. y 8 5 %£i±(D. 

-^(c^i»f-r^c^3te<. ft 1 <omi^mtm3cow\ 
ys^Mi, «3a>ay**«i<Day9i*f=:iii«L 

«3 0)»jy3l*ft 1 (Dffly«lS*P(Z)l$I$**:«(C}tt 

20 otMLfcciiCcfcy, ft3a>wy*(Ccfcoratt/= 
mfrmK m 1 y sic ^ otb«wic» < # o 

z>tztbT*foz>o ay»*s«*Joffi(c^jaL/=a)ii. 
aja*«(D*3teffiais*#<-r^t=A-efcSa ft 
i<Day*Bi:ft2CDay3ita*<»ft^3iS(i. itito 
res 1 tmmx$>& 0 

[o 1 4 o] mmotemzttt^&k^ ^^^o>#h* 

y*M&TLTl>-5(DI*. S<b«a#«<*»**(^** k— 

^«c< <h^2om_tcDays^JF^-t±-ric. -sic^^ 
^a-r^^*rcib^r. *B*yi±*?n o%ju±ifij_h 

Lt^^o ^b«5#««:S**lc«mK-e>^L^a 
^:^col^T(i. HS6G>^ffii tm£T*&Z> 0 

[o 1 4 1 ] ^mmommxit. m 1 (DWi^momm^ 

X'>f > ^7^(C J: >5 <b*Mft*ft-C**»rt L X t A 

40 E C R I 'V f >^ ;iH0f ffi C ^ # 

^ Q +>3Ly hX^f>^ll 

[0142] mmmumm^t lx&. *nm<Dte 

mx&ftLtz#*^><flZ&&/\—7jjy\-<Dlk. X^7 
3f(i. »2G>ay»B<fcy*J£< L«:«t*Ltf<C&3S:t^fc 

«>. x^7^>r ^(Ccfc^ft 1 a>a y9H»«f*. **y»* 

50 Ll^^liL^fel^o *HJ60)J^Jg-ei*. S30i 
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[0 14 3]*Hl«t?(i, «[:x^7^^7 
-0*^*Lfc*<. B1 (c) fc^^lc^x/N— O 

T. *L<r*. ft3onyM*3^&ttSj*Mia>ciB 

[O 1 4 41 S** K-t 0 V^LtL^l^kft**ft 

LTI/*l^b*#«l*£SOi^£fi 150/im 
l^T^^ L < v * £>lz&& L < I* 1 O O ju mkTF. 5 

[0 1 4 5] *lt]SfeOff2SOJ;df::. |gi(Di8y»*tc 20 

m 3 on y m&Mf&Lxm^MKm < o o 

<. ££>lc£?3:L<te:1 OO/imKiTT^o MfBSQ^r 
S*Ll\, 30 

[o 1 4 6] &tz. ^mmmmx-mm Ltzmmz k— 

»S»ia 1 5 O mcfc tl< 1 1 COC£ 

ic*y* ay3t»^m?f*«K**tfc< i^^^it, 
[oi47] custom a ) *si*fe<D^s s i* % mm 
i^bi*!#^n*s« (wb«o»*h son™) iz&w 40 

[0 14 8] ^IIJftco^SO^^^fflJco^Taft^-r 
y. GaNS^Jic. < 1 - 1 o o>*r[fiircjttor. ^ 

£2 0^rru IMS 2 0 Jim. t°^f <1 

m. e^^FI OOjUmO). JBl0>ayat3O8*^j3cU 50 



fc 0 ii^t, ttiE«io>»yai*»±fl!>f5rs4"*»c» 
or. x^>f /<— Kcfc y % < 1 - 1 o o>^fni(c t! 

^f400/im, gE£5/lrru 5 /imt <1 1 - 

2 0>^^(C. t° ^ ^ 1 OO/im, 3g£5jUrru if£fg 5 
/imO. S£3 0»jy3|3 O 9»JLfc 0 £^(C X 
J5Jtft«<DSlc % <1-1 oo>Seii:^ot, t°^4 

OO/im, 1^0. 1 //m, 8tS5/im«!:, < 1 1 - 2 
0>^|Bj|C;0ot, t°^f 1 OO/im, 1^0. 1 /i 
rru SB5//m0, ft 2 OA y 91 3 1 OtMLfc, 

*3©ay»3 0 9(DMfiait «tbe«io9j 
y*3 o 8ofi«p±(cwiH*i osjyatiswoisrs**: 

IS<t-&Lfct£aicfl2jSU S20fflyj»3 1 O0M 

mum 3 on y s 3 o 9 1 mt-^L Ltz&mz 

[0 14 9] x^-f -j^ K^*^*»ttU o 

n\— *t— Lm y . GaN«»bg< 

?\ *»^ftom**^*yaiLfc!jN *B*yi*9 2 
[0 1 50] ^loff^it, ^s*y 9o%ia.to. 

~Sf=«I»r-r^c^*<. »3 0*jy3t*»l OS1 

ao^sfcig 2 on y §t*«j« ttc c t & Q c o c 

£fc£y. HJ60^6^HJ60^®7 0i|flS^L. 
HSfeOJ^S3<hit-<^)<t. f7^(D^U^ITLT 

t^oi*. i«^»sw(cMK-e>^iti> 

oisi±o9jyas*^i±-r^. -*ic^^^»ii-r*« 
scut^r. *B*yr*»i o%]a±fRl-bLTl^^o 
[0151] *njfeo^-ei±. «i ottyflto&jftd 

^ 0 hx^f>^ft IftfiSK. 

KMjtt^:«ttOS$^«^&« 0 /c*£U x^^>^ 

[o 1 5 2] tti3Sn«:X»A#ft^ LTf*. **JfeOJ^ 
JBT?$B^L/=y-f -»^rcJ;^/\— hOfft. XO 

7^^**ttfflLtts^o LfrLtetf^, igiony 

Ml*. «2tSB30Wy3MB«fcy *./£< LftlttLtfftfe 
y»*L^il*l^3B:L^ 



(17) 



WH2001 -085736 



[0 15 3] *fc, ^mkOJMB-Ctt* *2<tJB3(DM 

y»*S(DflSj3tlcx^>r :?«fcfllLfcj&^ ±Bi*;f> 

[0 15 4] ^HJfe^^-Cl*. 1SW(CX^7-<^7 

-f >£fl2j$Lfc?!><. E11 (c) {c^-T^ai^x/v- <7> 
i»vy»»i:a)^, — »(D*(+3t£J£j3tLTm^#ML 

*^(Z>«JBt«E«IA^ 1 0 0/imJ2lT-efc^C^3b<-»*L 

[0155] k— tr >^Lrt^i^mk**»*t: 

^|:tl)fcAi:iiG a NS^caH^i* 1 50jti m&T 
*<»*L<. ^fbl^KiilOO/im^T, 50/i 

[0 15 6] ttSt K— t°>^**tn^L>Ga N 

(dm y 3kdjs»£ «3(dm y 3t<ojs« t <d« mm&&& 

t°>^^oTUft^G a NSfi0S^i:M^ 15 
OjLtmlUTJ&<»*L<. ^blCff*L<li100jWmUA 

[0157] mmo>mm9) ^mmommQit. mm 

©»»4 0>**K— e>^LfcKfc**»f»»« (W* 30 
[0 15 8] «Xta>M0>f v ?»Wco^rBWt 

[0 1 5 9] H&fE^XM— * K5-f m^^V^lc^o 
T\ JSftj3c*«l^ < 1 ~ 1 0 0>SlS]raoT, 40 

1 /i m. ISte 10/im. t°7f < 1 1 - 

2 0>^fS][C;^oT. 1 /i itk f£|g 10/im, tf ^ 
f 330/imCD, 3S2(7>Sljy^4 O 9jiiU: 0 Scl^ 

t, Ga NiM(Dil:^-ftH:J; y . < 1 - 1 0 o 

>*[6](C>^oT. tf^3 50/im, 10|im, ^ 

KSOji/mi:, <1 1-2 0>^raot, tf^3 
30/im, I^IO^m, j»*g 5 0 // m(D. 351 (DM y 
i4 0 8eMLfro fcfcU 11 (DM y 31 4 0 8(Dfl3 

j£<£g{£. * 1 M y 9I<D««»5K4» AKSJIEB 2 OS y 

•ff 4 0 9 3b<-»"f &cfcdic-r6 0 50 



[0 16 0] ^V>^t, Rffi^^SfliSU o 
xy\- ^UA^&^L^y . JBa^ft«JA^S<n 

b3 5 0/imX 3 3 0/imft(?)f^^S#Mf: 0 ^ *V 

■f. ^^A(D*lt^»*»ytflUfc»r. *B*yi*9 2 

[0161] *38Jfi(Dfl£«g-C. *H*y 9 0%£l±(7X 

-BEic«K-r*c^a<. n t«2o>My**» 
jau m2(Diiiy / m^^^b%j#^^§p , cjifis £ fcy 
t^KEMSu »20>Myaii4*ia>MyawB«fcy t» 

[0162] o*y. ja*Kt*«tii^sa>s<k«B** 

at 2 oM y *js»A<aft**»(t**Btt« «fe y 
<. sb i <DMy**<W2<DMyai«fcy tmitztffc^^t 

(c«fcy % |g2(DMy»(cJ;oTMtL/=Mtiftl^ 

ttiBK^MJhSfc&fci** m 2 <dm y ft&ttfr 2 
(dm y «js»t*(d» 1 <dm y «(Djew(D<Hi«k^{c©]a 

& o 

[0163] &tz. mzaymvmm&tf. &<tfa*m& 
^ifeicfcnn^^, ^^^»M(dri=. 

6 c *^fi(D«**S:«J(t-rsc:4b 

zfmmm*<M'p Lt= 0 sbo)»i^ 2 a>My sf^nesj* 

ftffl(D{Sic^Lt=(Di*. 3£#®«*;*:# 
fc£ 0 » 1 (DM y aMB^JB 2 (DM y 

T»v^(D*H*y*<fKTLn^(DI*. 

x.^>+i^o L^L&*><£>> tt2omJ:(DMyai 
-*ic^^^»M-r*tt*(cit-<r. * 
H*ytt*?l1 0%KXJzIpJ±LTU^ o 
[0 16 4] *»J6(D»B-ett." «1(DMyai(D»flM= 

x y ^ ><?mz & z> fc*M**a-cai*»* l t *• jft 
a. e c r 1 ^ f >^a^f$j ii^ ^ ^ ^ # 

-g, 0 ^zl^ hx^f>^lt «^f*> -7^tt. 
»«»i«il(DiE**a*35<fe*o 
[0 16 5] ^il^}^;f^«^a<t LT(4. *HJ6(D^ 
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C0166] *fc % **j6o>»tB-ci*. ft 20a yam 
&u\, L*>L«:*t&» *Xffca>i*aa>* ft 2 cotij y at 

T. ???»a*«aL<* S«4>I^£IS<-r£c£a< 

^(ClT&fcabfCfiG a N&m&mZlt 1 5 O *i mUT 
*<»*L<. *blC^L<li100/im)JlT, 50/i 20 

[O 1 6 8] mm K — 1° >^*^tiT l^£rl^G a N 

n^Ga Ns«^»»»ic»<-r«*afe^: it, ft 

t 9 >^^tlTl^UGa NSKDI^^I^ilC, ISO 
jUmPaW^K. £&|C&$L<|£1 OO^mfel 
Ts 5 0|imULht«o 
[0 16 9] *HtfeCD^0>i«y3flCiP^T. *3 0>a 30 

yaitL-c. ftia>ay9t4>fc*iM*ft2a>ay9t>K 

tL<(t ft 1£« 2 ©ay X^-f3^-f 
>^MLTf^^aiTt^l\ Hi (c) 

iz^&oiz^ fti<0ay**L<r**2©ay3*a>:x 

l<i*. *ia>aygus»A^K2a>8ijy3ljs»*T?a> 
u mtmmmit, wb*iWfM«*r=**K— tf> 

[ O 1 7 O ] (HJfeCD^S 1 o ) *HSfe<Z>^S 1 O (i. 
Tl^fcl^b*l¥W*a« (ii8t<DS*2 5 0/im) 

[0171] *il!fc<z>ff^0>T ^ ^fHico^T^-r 



>^(CcfcoT. $S^^ftffi(D®(C N <1~100>*rS] 
(C>£oT. ^£5//rru 8fi2 0/im, t°^f3 50/i 
< 1 1 -2 0>^raoT, I^5/im, «gfg 
2 0jUm. t°7f3 4 0iim<J) v ft20>fl] tj 3t 5 O 9 £ 
mj&Ltzo «ivc. GaNlM|0Ilc^>f^H:i: 
y . < 1 - 1 O 0>7jrp3(=:; / p K oT. fcf^5=-3 50//m, 

1 O O /i rru jg*S8 O /imt, < 1 1 - 2 0>73|o] 
CiOoT, tfyf 3 4 1 O O /i m. ffifg 8 

oumO). IBia>S»jy3t5 0 8*^fi6Lf= o fct£U ft 

1 a>a y 3i 5 o s ©Msitt, ft 1 a y ^a>«(sisis 
**(CHfrEft2fl>»jygt5 o 9 36<~a-r-g>cfc5ic*r-s 0 
[0172] y>r-»^. n&T^vo&Mi&L. o 

P — =z>— ~e#L^T^*fcJ: y % 2-f r/^O^x/v- 

■*\ wi^Aa>*iM*£^ytBLfcR}N *g*yi*9 2 

y. x^^>r^(cjt-<r»iB^#<. *-oxa-^ 
[ o 1 7 3 ] *HJ6o>^K"e. y 9 o %ia±a>. 

-glc^0K^-^c^3S:<. ft 1 £ft2tf>ay3S£«2 

*u ft2<DMy«tt«£»b«B^*i»K^«riBS«[^ 
a>^®cfcy *aK»*u ft2o>i«y3fr*ft i oayat 

[0 17 4J Aftn££fi^£<D34btt¥W 
ft 2 0>m y XKffitf £4b*¥«{*R£Sfi£ CDJfffiJ: y 

t>2R < . ft 1 <z>a y 2 cDfij y gf * y tatts^jt^ 
c^rccfcy. ft2(Dfijy3S(cj;orfijH/cfim«7!)<. » 

S«BrSEKT?Sll*i*/=i6{zld: % ft 2 a>9J y 9t&fffr £>tt 

ft 2 (Dfu y atJ6»T*o)ft 1 ©a y 3KDjeva>firA^(= 

X$b%)a 

[0 1 7 5] ft 2 0>SJ y 3llSflBA<. ^b^^ 

tarn zmmi-z^ £*<&<. mtt&<z>m*km&i&m-r 
z> z. ttf-vz&o mmo&i^K 2 com y ^^^^^cs»i 

^ 0 ft1<Di»jy^B < !:ft2(DSijy^I^M*-SS 

[0 1 7 6] mte&l&m 5 £&<<&£* TvZf(Di£m& 
y35<«TLTl^*(DI4. S<b«8*3H*S«*{c*m K~ 

'>ft<t*2oisi±a>iiyai*»«i±n=. 
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[01 77] *s6*6^^®t?i*. s 1 ©wyaw>»j»i= 

£ 0 hx^^>^(i> lft#fB£. 

[0 17 8] Ltlt *H*te0>ff£ 

^-r^*s«^Lrt,aL^ mi corny 

[0179] £tc. *HJ6<D^-eii. m 2 co»J y 3f *s 

#l* 0 L*>LjS*<^ #IIJ6(DflSfgtf>* *2<D9jy3| 
*t»*L^ 0 cti^tDx^^&^flJ 

fEx^T>^;££^5*=#>{c|^ g v^^^-f — 
[o 1 8 o] S*£ K— t°>^LTL x ^ l^b«3#^tfc 

W^-t&tz&l^tG a NS^COH^Ii 1 5 O/imETF 
*<»*L<. ^blC^Klil OO/imklT. 5 0/i 

[0 1 s 1 ] ^mmcotim-vtt. micDmvmtmzo) 

ay**»*L-C»»WI=*<<i:ofc*»^ ^xn- 

t^^awr »ia>ay3tiSSP35^»2a>»i 

y*JS^^<O^J»f3&Sl36^l v c<!:^^Ll^o mJtBW 
»^£I^«U::. 1 5 OjUml2TFJb<»*L<. ££(c#S 

Httii* wccwbtti^ fc^yictarr 

[0 18 2] *HS6<D^i?WliUlta^* K— 

#M sojumckytKLti^o c<Z>c<t{c<fcy. 9J 

[01 8 3] *sitfl!>»iia>»iy9i(cip^r. m 3 on 



yiiit, «i(Z)«iyai"t»fc*iM*«2a>iijyaitti. 

r/*»«Ltf*;7»SLrt*^ *fc. 0 1 (b) 

{c^^-^^ic. sBia>ay**L<i±JB2(D»jyaia>x 
l<i*. «io>»jyanK«3&^&*2<D«ysi*»*7?a> 

WBUBIB^ 1 O O £f m^LTTrfe^-^^^f* Ll^o tztz 
10 <?£*lXl^Ul*t£0)mT?$>&o 

[0 18 4] mM<D$m 1 1 ) *mmmm 1 1 i*. 

o 

[0 18 5)16 (a) It. C®Ht77-f7iS«1 
O. nlGaNl20 > 11^3 0, ffiHt K— tf>^ 
LtcnlGa NI1I40, nlG a N/<^77l6 O 
20 K niA ixlGa 1-xl N <? =Z> V KB 602, SttB 6 
0 3. piA lx2GaN^7 l >Ki604, piGaN 
=l>£^ hl60 5*^fltj3£$;tl"Cl^o 

[oi 8 6] i^TCUSe (a) <DS4b*#-#i**#y>r 

[0 18 7] £t\ MOCVDatC®t77^7lI 
1 O (1^4 2 O IX m) ±[Cl^ 1 U mOniG a N 

§12 o^iii, MocvDSB^^nyas-ro m^. 

OOnmOilffi»ltL. >J V^^-f— 
30 y . ^X^ifl7 jUrru t°7f 10jtim(^Xh7^lt 

*Sl(?)^i^7 7-f7mic SiC, xt° 

*JU % Z n O . MgO, Si. G e . GaAs. A ®U* 
77-T7s R®1^-^r-<T. M®^77-f7*«fflLT 

i Nx. T i 02. A I 203-e&£ 0 *SI]^(D^ 1 1 CD 
R«tWR3 0l*. S i 02*«ffllfco 
[0 18 8]*l:, H V P E^ElcfIIEOxy\— £-tr^ 
hi, ***S2 xlOtVcm 3 , S I SIS 2 x 1 O 
40 K— tf>^L^^<^>. I^2OO/im0n 

lGaNll4 0e«lf: o -C"e. ^%^(7>^«« 

T?m5 <b -^^i¥§i^(i. 2 o ii™wL±<Dmm&m-$-t> 

[0 18 9] KlfBGa Nii4 O ^-fSH Lfc O X/\— 

06 (a) i:*tSfcft*****y 
[0 19 0] «IC ±B»ft*a|M»*«*y-f 

so [o 1 9 1 ] me (b) ffi<Dflyat6 o 8 tm2co 



(20) 



*f 132001 -085736 



[0192] *mm<DBmo>. ae^a>mitm^m»m 

SOOlt. niGaN|20,lIft|30,SIh- 
tMLfcniGa NII4 O(0ft*T?t4^ ifi* K 
-tMLfcnlGaNSi4O0)^ ^cttnSGa 
Nl2 0i:SiK- tf>^£*tfcn£lGa NJSK4 
£«ja**LTlvC*&l\, n^MH6 0 6(t H CD-flJ 

[0 19 3] ±mO ^s\—<DVZ? T -1 Tm^fcZ; 10 

L<f£„ 2 5 O/imi^T-efe^o 

[0 19 4]il^ P lGaN3>^^hl605± 
(C. P d (3 nm) /Mo ( 3 n m) /A u ( 1 O n 
m) OmtZ^ £fettpIIS607$'JV^7>f-ft 

3 5 0°C-eN2#iI^t?7-- ;^^fTofc 0 coc^ 

*<#£*l/c 0 -hlEp^mS*/^ — >ff^iSLfcCDfi. m 20 

[0 19 5] MfBO^/v- fc-tz^ h U 

10 0/im. e^^3 5 0//m(DllG)t]yS6 0 8 

hi (b) rc^-rm^^-e^tfc. sei(Day 

[0196]^ t77^f7lSMf:, Ti (15 
nm) /Ag (1 5 O nm) iCcfc-i, n Sfg6 O 6 40 

ja-T^o C0>£*. *1(DS»y*4>lc««*<3S»*;K3 

[0 19 7] 'JlA^^T^TlSflllC 
p B pltIffl ( P iGaNl^^Hl605iI) <7>®Jz 50 



x^^-r^-r^ 0 afeic *sox^^>r^*iBjfc»uT 

3 5 0/fmfta>^^rc#*«fc3(CX£^-f 

A*U 3§2<D9jyjff6 O 9*»J*-r«o fc*£U f2(D 

I ij US6 0 9 ©fl^jafiari. MfEIS 1 o>9j y » 6 o s o 

11-2 o >*fci±< 1-100 >*ifij-efc£ 0 Sfc. 
«2(&sjyas6 o 9f*. ***<«a*+iri>3&^aisfc 

[0 19 8] x^ Xffl**^SflHfcU ^ 

X/\-Sf~^b^L^^ GaNSSI^bg< 

n — ^— -eWL^r^^trj; y % 2>f 

*>v£>3 5 0/imft(Df^^^tifc D 16 (c) [C# 

[0199] ^mmo>mmx\ s 5%ia_b6D. mmcDm 

k— \d><?zfrt~m\tm*mwmG o o* 
T?si*r*.fc3i::»iitu »2 0>iijy3t(4*i ©syy* 

f=*£^?&< K— fcf >^ 2 ttr l>£ fctf>#»Jj&<gr« (c ft o fc 

c <t t , « 1 a>n y 2 osj y m& y 

<. fro. f 1 i:SS2(Z)Sijyailc»lt-c«»r-r€>C4t:(c 

*y. iB2(D9jy3Hcj;oTBimt=9j*t«^ is^i 
mmxmH&tzdbizit. % 2 cosij y mm&fr^mm 2 
»j y 3tj£»T*<z>m 1 o>»j y ^o>iesa>^^(ciuM-r 
^l^*<. m 1 a>9jyai««jsi^fd: % mtm 

©jfci^sg 2 <om y 3t**sa^««a>®rc^ L^(D(i. 

2(Z>S(y3tBA<R3S:^3lSi± % StJ6(Z>^al 1 tmm-Q&> 

[0200] ^b^#»i*|^6 0 04i(cifi*K— 
e^^L/cSb^lco^TH^fc^c^. hvpe^ict 

SfrofcKilfl!)afk***i*R (WiLli. 3 0 0/im) 

^ <t coffiKSfliftsrc j: o r ± c ^ s y cdm^/Jn * 

[020 1] ±g*^ K— tz>?LTl^t£l^5k(Dmm<D 
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[0 2 0 2] ±|BSSlCOt^TI*. 3e* % T?tta^*<. M 

[0 2 0 3] *SIJ6<Z>^«<D«jaT*tt* K-t°>^(D^ 

fij-r^ct^^^o Sot, i&m k— t°>^-t±-r(c* 

[0 204] *HM&a>B£jeT?ld\ IS 1 G>» U iS0)M(c 

^ Q ^x-, hi^^>^(i. mmm. 

[o205i ®mttotemi&f£j3&t itit *n*feoif^ 

x^^-f ^icj:-5Bia>ay»^«ii. fe*y»* 
[0206] *fc. *5tSfctf>J^-tH£. l2fl)i!ySB 

(ommi^^^^y^mmLtz^. -tfBx-,^>^}±. 

2 0>ffly3t^ja(=*5^Tii. x^^ l 
i*. asir-tfft&tf. aoijic, mtej&tf*i 

SE-efcy. vv^x^v^fcjt^r. ^x/\— 

h?xm— *n £ ^ < <7)T ^ - £ £&tzdhT> fc 

-r>£fl2j£Lfcj!><. H1 (c) 

t*i&i\> c<&*^ *ia>«y»*»^6*2ayai 



[0 2 0 7] *fc % **J60>»«*C. -t^r-f TMSflx 
AlmUlT*<»*L<. $bC^L<(*200/im^T 

[o 2 0 8] *ns£tf>fi2®a>*#gfc(£. «io>ayai*» 
io k— e>^**tt=afc**s«tBt6 o o*-esiit 
lti^c££. mi <&9iy»j£»£»2<&9jy3fj6ffl 

li. 20 0/iml2lTA<»*L<. ^t>l3$7^L<(*1 5 

[0209] ^mmcDmmz. ±Ki*«*e,-&LTu*i 

[0210] (SDSfeCDfl^ffi 1 2 ) *^ffi(7)^S 1 2 it. 

mmcDMm 1 ktx sB2<D9jyat*x^^>^(Ccfco 

[0211] M**»#«tiT-ft- K8Hft£*0»l 
ag^fi. SISfea>fl&Jg1 1 (16 (a) ) tHS-Cfe 
6o fcKU nlGaNll4 0ll 

20 /cm 3 . S i «jg1 XlOl B /cm3$ K— bf>^L 
J5*M 5 0 jUm|t*Lfc 0 

[0212] jiiBa<bfh#an***y-r^— ksi 

30 [ O 2 1 3 ] HI 7 ( a ) ( b ) I*, ffl y M<09tl$. 

HI7 tpCDmitty^mfoM7 0 Oli. niGaNl20, 
il^f*fll3 0. fiiK-t fl >^LfcnlGaNli40 

ft* Sfcli n SG a Ni2 0 K-e>?S n 

gJG a Nim^4 O^^P^^^Tl^T^feL^o 
[0 2 14] J:|B^x/\— (Dlf^r-f 

W*«H=«fcyWlBLT. H^^1 5 0/imCU M®tb 

40 [0 2 1 5] ^(C. fIIB^X/\— V<f^74— ;ir* 
VX^#l3I£U eaJtR*«]0>ffiS:Ji(CLT (p^Ga 

K3/im, 8R50/fm. fcf ^ T 3 5 O U rr\(0%2(D 

ijy»709^ ebi (b) ic^t^MfeML 

17 0 5±|:, UV^77^-ftf^TPd (2n 
m) /Au (1 Onm) (DBi(C. 2*ttpIIi7 0 7 
& J *f^. WIBpaffi^jaS-ftofc^ 

50 x/\— ^. «»0>»*$:*AL35:A<C>. 6 5 0°CT7N2 
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iz^ g v^^^^-ft^fcjztj^xo^^fro 

T. |g2(7)iljy^/S^|Z v Ti (4nm)/Au (10 
nm) ICcfcl)nSMttil7 0 6^Mt^o *fc 
fi. niMI4Ii7 0 6^||Ia)^il 

tm^Li^a 10 

A I &L<l*A g&±miz 

[0 2 17] S?FiB^x/\— £>$rVtf— fC-fe-/ hi, ifcO 
1 OO/im, t°^f 350/i mtf)fB 1 CD ft] y 17 0 8 

bi (b) iz^tmTm^mmLtzo fcfiu a 
i a>» y * 7 o 8 a&A&Ktt* emu ftoitfRBi* 
*ftlcOTe*2a>HUai 7 Q9j5<-Brr&£5fcU y 20 

itm^mmzMLxKi 1 -2o>^fcr*< 1-100 
>^-efc^o wia>»yaM£»i±. o 

<t SfcttMtWitK 700i <Df§l<D#@ fcStiT -6 £ 5 1 c Jfc 

[02 1 8) S 1©IHH7 0 8 0>3M6I^ H^M3 
O^e^ffil 0^mlCit-<T. +»*#L^c*!>. ^6 

(a) ©«85 0, lisi^^btDfil-eMlx 

[0 2 19] ^y>m £flftkU 0 

iA™Sf-^bHlK^ ttAAftflfr&l&< □ 

HL^**»yfflLfcBf. #H*yii8 5%^±-Cfco 

[0220] ^mmommx^ 8 5%£i_ta>. mw.o>m 

o±i=tfAu so. -»=wr*cfcft<. m 1 
syyat««36<** F-e>^$tifcMw?M7 o 
os-ciij^-r^cfcdicpjau. *2(z>»jygns«p*^k 
«b#3H*«*B7 o 3tt«*y ^<mi, m 2 a>sij 

y * I±SB y 3HB J: ' y t, * < «« L c 1 1 r cfc * o 50 



o*y. «fiit,ab**»#S7 o oi»iq»<DS4b*i 

* iZi&mtf K— fcf > ^ 2 *t T fc tf)#9J l= o 

feet*. ffi2(o»y3ijeffi3b<s^btt¥»i*%3feHia[flt 
£ y < . m 1 <dsj y 2 <om y y 
j£t^ c £ ic j; y „ m 2 (osj y gt re £ o rsjftfcabhia 

A^»a6 2 09jy3|jSWT*(DSB 1 0>9jy3fa>j6Wa><5T 

S^b»#*<*4tf*»3fe^«a«"r?ft5/=tf>^#Ba 

ffi H <D T v -JYfr « I c ffl gfr "T * - £ # & * = #> 75 fe S e 
Sfc. IS 2 (D»J y «JSSP*^ I^bifi^MI&SJ: 

*^Aa>«***«*-r*ct3W-c*-6o iff 

mom^m 2 ^^j y gf £ mmm^momizmfS. Ltzo 
[0221] u^Lft36<&. «2a>»jyat*x^5 i >^ r 

[0222] UtecDfi^Sl 1 T^fcctd^. K 
LfcJSK0>»b«B*»fWl7 o o^SS^Jifc 
A^Lfc^l±. Ox/\— gi^o>J^y^/jN^<. Iff IB ^] 

[0 2 2 3] t w >^**L^ofc«^(Z>*j|jSlB 

[0224] *jUjfe<D^sst?i*. m<7>sijys(D^A(c 

ECRX^^>^^(^^;i^^L\^c<t3b^^ 
^>o ^x>> hx^f>^lt #«J^^ ^>>St> ^^St. 

»io>wysii*. ff 20>tiygHij:y tfi< 
[0225] &tz. ^mmcommxit. mzomyms 

L3^L«:*<&s *HHfeG>^JS<0«2a>»jy3tfi. 
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[0 2 2 6] ££>fC. |H1 (c) (C^-Tcfc5iC»jy*0 

aL-ctftiv ca>Jt£\ «i ©ay*fS»^&W2M 
y«JS«B*-eo>«iiRi6at*<. i so /imJjiT-eMii 

[0 2 2 7] *SIJ6<©^JB-e. t7 7^f7iS« 

si«Lt 1 50//mija*-ci< ifc*<, 
jc^asKicfcat. ^^T-rrMS^cD]5^(i2 5 o 

/imTO«*K, £*fC#*L<(*2 0 0 JimlUT 

[0 2 2 8] ^mmcDmmonmit. m 1 <z>a y sjs^ 

Sictegf JBl<D«yaiJ6»4:*2a>liy9lJS 

Ml** 2 0 0/imi5JlT*<»*L<. *£lc#SL<l*l 
5 0/irnkLT. 5 0 |i m&l_t-e fc£ 0 

[0229] *mte<z>mmi*. ±tE*#ia£&^LT^*t 

[ o 2 3 o ] (hsb^j^® 1 3 ) ^mmcomm 1 3 

»«£fflw=*£<z>* wyat»rt*flt^^^«i=:o 

ftic»-r^*fit?fc^o 30 
[0231] ftr^»«<DMttt«Lfe«*, ny 

»0)»ja*lRlI±. <1 1 -2 0>*"IS]*<»*L<. 

< 1 - 1 o o>^is]-efe^>o mrE*ft*^&. ±s° as 

*"e-r*tT^TtiftU^o HUfE<1 1 -2 0>*|n](CJtto 

r»y**»*L. ^SlLr-r?#^«liBi* {1-10 
0] ®~efe^o 

[0232] c+Le>a>*iPi(7)ia^^3b-e-(CckoT^$ 
^^^««c»scri)Ci:35<#*L^o ay* 

<D»jaWSfil*<< 1 1 -2 0>^fS](D^-e«^^tlfc. IE 

^:?#a*«e«£*is f^^ao*B 
*y(*ft»T?**o ±iE^^^»«a)w. 

Lfc*£\ S:&^<DSfflL<t&ffiS<Dfcb&<. L/s = 

pa>®>aa)*iRi* t < 1-10 o>^ffi]-e. 552<d*[Si;6< so 



<i 1 -2 0>*fii-c*4o fjzfftmoum 
#<i i-2o>*rs3£> £<ayaBw»u sic m 

[0233] Sfc* ±E*ttH«(=MLr. 

jt*<i j:y ti**^fc*. x^&mmfr*. ®m&<^ 
^ ^»aa>B«tfta y t an* * - 1 &x * . ^ 
^»a*ssic-r^-i:A<-c?#*o #y^{*. l/sj£*< 
4(7>it^. a*o>^^^»a»o. 4f&a>*-ea^-i: 
£<-e#£ 0 ±iEL/stbo>±BB*4(cLT^sa>ii. ^ 

[0 234] (H%(7>^1S 1 4 ) *Hj^<DJJ2S 1 4 it. 

mmoymmM)^ 1 o^tic^t. Masters!!* 
*«*jHivfc»*a>. ayspja^<t^^^«ico 

[0235] ^^^5MBifl>Mttt#atLfc»*. ay 
3io>^ja*rar*. < o o o 1 >*iaA<»* l < , &iz< 

2-1-1 0>*fpJ-Cfe^)o «rlB*lRl^&. ±5° fift 

*-e-r*tT^r*&tv MfE<o o o 1 >*fii:iftot 

ius^Mi, ^aLtt#§a®ii {2-1-1 

0} ®-efc£ 0 «HE<2- 1 - 1 0>*fil(C»o 

Tliy»*»«L, »l!lLTT?**8Blt {OOO 

1 ] mxfc&a 

[0236] ^Hibcojifficbmfr^fo^i^&^xmmz 

[0 2 3 7] ft*»*SRLfci 
fi\ ^J^tD^jSL^Sia SO) ifcjb<. L/S=1. 01 

-4^»*Li^ se>ic»*L<r;j\ fHE**^cD^m 

(D*fiJ*<< 2-1-10 >^"fS3-C > ft21G>*lRl*<< O O 

o 1 >^r[S3-efe^o -Hit f^?»iO)Saft<oo 
o 1 >*ia]^ > ^<iuiMi, aic. mtttfatit 
<<xTvz?ftm<Dmm&<2- 1 - 1 o 

[0 2 3 8] *fc % ±|B*ttl»«(ClULT. ^V^#a 

o>Hits:*iRi*»iaicanKjaLr»a-r*»*. u/s 
tbA<i cty ***^fcto. t^o>ii^b, 3a^a<^ 
^ ^aosit^a y ■ti&mz.&^ttfx^, ^ v 

^»a*SS(c^-^z^A<-e#So L/sit*< 
4 0)it^. M«OT^^aB#o>. 4^cD*-ettj^c: < h 
^f-5o ±!EL/Slt(D-tBB*4(cLri^(D{*. T 

IC. MESL(c< ivtc^-^fe^o ^oT. ^^^»a*g 
[0 239] (Hife(D^ 1 5 ) *HS6<Ofl2fB 1 4 it. 
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mmornm 1 1 o^d^^r. r®m^#^ 

[0240] ^-j^ma>^^%mLtzm^. fjy 

<2- 1 - 1 o>^-f6]t?^^ Q ttfB^isifr ±5° m 
gS-eftLt^ttSi^c MIH<o~ 1 1 1 >Srrpi(C}^ 
orftjy^^ff^L. ^Slttt^^iifi {2-1- 
1 o] mxfo& 0 MIB< 2- 1 - 1 o>*[pj(c?^ 

oTpjy^ff^U &mLXX&&ffiWlt. {0-1 
1 1 ] mxfo& 0 

[0 24 1] -tl^(D^fS3CDM^^^i±(C c fcorfF^^^ 

[0242] ±m^»>z?%mo>m. ^m^mmLtzm 

£\ ^MCD&mL t feillS (Dtttf. L/S=1. 01 
-4 7b<^^LL> Q L< ft fulB^^CO^S 

<D-%mti<< 2 - 1 - 1 o >^mx^ Mm<£>Jjfa&< o - 
1 1 1 >^rS]-t?fc^o c*ut "f-v^mcom^t^Ko 
-1 1 1 >*^£. &<m*>)mmL. mz, mttfa 

[0243] &tz. ±tttm.mmtzw\ lt. T^y^m 
omm^m^mmizmmmLx^m-t^m^. l/s 

4(Dm&. m-mtDTvzfftm&FO. 4&o>iixm&^£ 

tfX^& 0 _tfBL/S]tCD_h^^4{cLTl^C0fi. ^ 

(c. iB^L(c<^t-^>Tfe^a tot, ^^^SJ^g 
Mt-t&M^lt. L/S^4«l:y^<^ottM 

[O 2 4 4] (H*fc<£>f£S 1 6) *HSteCD^1 4 ft 
Hj]fe<7>ff£S 1 frh 1 O^fC^T. A \EWJt$fy^^fo 

[0245] Tvzf'Am&w^ftL&mmLtzm^. 
moMmjjfoit. < o o o 1 >^-[S]^ l < it < o 1 - 

1 0>*fn]^b5 7. 6° <D^A<£?£ L < . mz<0 

i - 1 o>-%faxfo& 0 mittfafrh>. ±5° *§jg*-e 

-ftlT^Tt^l^ BUfB<0 O O 1 >3frFS3(C;&oTSljy 

s^jf^l. 'AmLTx^&mmtt toi~ioj mx 

fe^o *fc. H5fB<0 1 - 1 0>j5fafrh> 5 7. 6* <7> 

{01-12} ®-efo£ 0 ^tz. iufB<o 1 - 1 o>* 

{0 0 0 1} ®"^fe^o 

[0 2 4 6] ^fo*(Dj5fa(Dmfr&K>i*:lZ&'z>XMm£ 



ti&^v^mmt. lE-frm. **fl^ w-trmm 

0 0 1 >^fS]^ L< lt<0 1 - 1 0>*|Rlfrt> 5 7. 6 

[0 24 7] JzfB^^ftM*^!*!. <0 O 0 1 >Jjfak 
<01-10>Stob57. 6° (D*fS]^^t?J;d 

*=*§£\ mz. ^vz?i*mtfm%>u?5fax$>z>tzish. ? 

<01-1 0>?5fat<0 1 - 1 0>*fil3b^ 5 

ftmLtzms. muwnmmte(D$a.m<Dj5fafi<< o 1 - 

1 o>*irit?. *sg>#[rI3&<<o 1 - 1 o>*rei^t> 5 

7. 6° a>^[S3-Cfe-g>o -*Ut ^^^»9J(DSa3a:< 

oi-io>»b57. 6° 0>*[pj£. *<ayai 

if^tL, aSfc. ^fB^^<bib-<T5 1 ^^Ii|^Sii^:< 
0 1-1 0>*fii*^«:<ai^f */=^t?fc-5o 
[0 2 4 8] JifBT^ffi^frDP^ S2fff££M1R 

20 Lfc»** tti&tD&mLtmmsotttf* l/s = 

1. o 1 ~4j&<»*Ll\, £t>lc»*L<lt l»IS** 

ff2<D^52<7>*f^*><<0 1 - 1 0>^mX\ *3(7)*fpl3b< 

<o o o 1 >j3$\x$>& 0 c^it ^vzfftm&m^te 
<oooi>*r^]^. #<9jygM2j*u aic. sub* 

[pl.tit^T^^^ilJCOSIIi^KO 1 - 1 0>*lRl*/j> 

"CC©IS3SAxp> % »*Jft<^^^»«KDHIta:»|y3t[c 

MMfO>« 4ft(D*t9]-5di:A<Tf*5o JifBL/Sit<D 
JlPg^4(cLrl^^CD[i. T^^^^^V^-— KCDX 
fA±(cy^^>r-yt^l^lc, IBM Uc < l^z&bXfo 

4 J: y < Sot i\, 

[0249] (H^(D^S 1 7 ) *SIJfe(7>^«-Cf !±. M 

40 [0250]$f, nMGa NS«8 0 0C7)Sit*;i(C 

[025 1) 08 (a) It 1111 U niGaNl 
«8 0 036>&SI^*+tri^r. nSGaNlS80O 
It fa/^77l15, nSEGa NK2 U BHttMl 
3 1 . JS* K— t°>^^^lfcn^G a Nl?^4 1 frh>m 

mztix^&c 

[0 2 5 2] MOCVD;it1iS^1 1Jb(Cffi;S/^*V^ 
7l15*5 5 0°C"(?aitl) o 1 050°CGDJ& 

50 ^Ga N0I2 1 ^f^S^-^ D niGaNi21^I 
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MOCVDgf^b. liufEOx/\— £^yf£U X 

c v dS t L < ii e Bli$^ fflurll 

fti3 1^100nmML, U V ^7 Z> 4 — ttffiT? . 
fftBRl«R3 1 *HH««&X h7-f^tt/^->l=» 
iS&fEX h^-f^»ttl*. nlGaNl21|:Jt 
lt< 1 - 1 O 0>^rffi]fcx h7^^iSLt^ H&SB 
7Dfp](C^LT^E73fS3C0< 1 1 - 2 O >7J[£]{CX h^-f 

^ hi, 1 0 0°C. Si»J63x10'8/c 

P,. 3 5 O jti mtf>i£jft K— if^tLfrniGa Nil 
4 1 £mJll!-£o 

[O 2 5 3] liBl^SlU^tnlG a Nll4 1 

&Mf&&. *>x/v— £h V P EttKfr&BU di L. ffifi 
«-(?«r8B«S«1 1 **J#*y. niGaNSiSOO 
£fESLfc Q niGaNSS8 0 0lt fig/^7rl 

4H(C. niGaNS§800lt B«M3 1 

[0 2 5 4] ±|Hn^G a NM8 O O (DfiSftS&C:** 

Ml^77-f7> A 
@t7r-f7, Rfflit^T-fT. GaAs. Z n O. M 
g O % Xt°^k S i. G eCD^tt^^-ffit^l^^t^o 
KA*777l 15lt 4 5 0°C^^ 6 O 0°Ctf>J&S^ 
*"ei*Lfc«aGaNA**/77i, l&^A I N/<^/7 
7l, iSSA IxGal-x N/<777l (0< x < 1 ) . 
iSSl nyGal-y N/^^rJf (0<y<1) 
£fl§l>*U*Al\, 8t«tttR3 1 It. Si 02iL S i Nx 
K« T i O2K* A I 2O3m0)i°ti?lfrV&*l{£&l^o n 
HG a N^2 1 nlA IzGat-z Nl (0<z< 

1 ) 

[0 2 5 5] ftffl K— t°>y**tfcn^G a Nfl4 1 
H i&m K— e>y*tLfcnSA IwGal-w Nil (O 

^fHl4i(c 1 x 1 o'Vcm 3 ^± K— tf>-y**iTL^*i 

[0 2 5 6] ±fEn^G a N^«8 O O tf>Kit*;£^fc 

i^t. tiffins i a>*^i±isJiTfl>c*:5«cLr» 

[02 5 7] *"T. MOCVDStS ilSH 1 (S 
^400/im) ±Cl|»*M ^mOnlA I G a NHS 2 1 
MOCVDgf^b^^to fcfcl, H8 

(a) |:^LfcfiS^^7 7i1 5H ailfti^ 
cfcl^o £fc *»gH#&(D&Jil::«fc&£. Huffing A I 
G a N^2 1 \t. 'PtH< t$>1 0 0 0°C£Lt<£h§iL^g 



[0 2 5 8] ±|EB36*atH«(=. ^m»§!3 

ICjjQlt^o ISl^T. H v P Eigg{z!UfE^x/\~-£-tz 
hi, l&mtS i £ K— fcf><7L nMGaN 
HIS4 1 *»ja-r* e **»flEtt±E»*<D»»4:BI«il 
1:1x1 o'*/cm3)5JLt K— bf>^**ir^*Lfift 

< v »R(i2 0 /irnUl-L fc*U*S 1^ ±IES3t73 ;* t P 
10 «<D*flfe*j6Wt'r 6H-SiClIfc 
4H-S i CISI, 3C-S i C«S«^fe^)o 
[0 2 5 9] &|C. _hfE nlG a NS#* 8 0 0 $-ffit^ 

-2) o 

[0 2 6 0] MS (b) H M*b&#*<*U--* tf«St* 
^LTfc^Js nSGaNS«800, n|GaNA77 
71801, nl^A I 0 1 Ga0.9 N^77Fl80 2 % 
n^Ga H%iS4 KI803, gft|8 0 4. plA I 
0.26 Ga0.8N*t'J7?n*^l8O5, piGaN 
20 *f-f K18 0 6, plA 10.1 Ga0.9 N^7 4 V KI8 
07. plGaN3>^^hl808^b*Sj$^^lt^ 

[0 26 1 ] SdfE niG a Nl«8 0 Oa>***JS*5«fc 
tf. S i hWniGa Nfl4 1 

fc£o MOCVDgil:, fjfEn^GaN^«8 

OO^iz^hL. 1 0 50°C^SST?niGaN/^ 
777l801^1/imMLfc o C^nlGaN/^^ 
7718 0 111 «S«1 1 ?b x b niG a NSI8 0 0 
SM^^4t#(C±i:/=. nlGaNSl8 0 0Oi® 
30 9^<D88L SS : E7tPv-' £>^®tH]£b<D&# (^±§ 

Ltttfh>. nlGa Nfg4 1 \Zi&m& K— fc?>^LT 

1*5*^(1 ^7^0^- a^bt-^Mftlcfc&fc 

*S«(Diga)<fc3lCnlGa N/^y77l8 O 1 
*|ftltt=**<«f*LUo niGaN/^7718 
0 1 (1 nlA IxGaH N/<^77l (0<x^O. 

3) -efcoxtSu^ 

[0 2 6 2]^f: 4 1. O/iRl0l^(?)nMA iO.I Ga 
0.9 HV^V Kl8 0 2^fitftt^e ^^(C H^O. 1;ti 
40 tnOnlGaNM-f Kl8 0 3«#«o nlGa 
N3fetf-f K18 0 3J«*«. *«(DSje*7 0 0°C~8 
0 0°Cli^{CT(f. W&V>> ffi^4 nm(D I nO.15 G a 
0.85 N#F*Jf £J?£ 1 0 n mCD I n 0. 26 G a NRlIc): 

y««**isi5tti8 0 4 (^ms^#FtSito 

BR. s i £ K— ev^Lttcfc^L. K-fcf>yLS< 

[0 2 6 3] ^(C. Sffi;SJS^St;i 0 5 0°C*-C^S 
50 Lt, 2 0 n mCDmftOpMA I 0. 2 G a 0.8 N £ «J fe-S 
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*fc. »*vUT^n^^Ji3Wft<rt.*i=*#38p3tl» 

[0 2 6 4] ^<D&. Mg*K-e>yLWb0.1//m 
tf>lt£<Dp^G a N%#<f KM 8 O 6£j£^f £ Q M 
(C N Mg^ h-t°>^LWbO. 5 /imtf)j^£<7>p^ A 

I 0.1 Ga0.9 N£y&«£?? Kl8 0 7^ftftt-6 8 

£!Ga Ncfey^3>^^ hl8 0 8$SSLfc 0 tO 
[0265] CC04i(C LTs P lGaN3>^M8 

T^1±fco S«aSA<8 5 0 , tlcILfcfiFjS-e, NH3 
flEtt* 3 0°C/$m±:*<#*Ll\, -0^5i:Lt« 

#ac:«fcy* ft*. fM£;ftri^ P i^bT~-;u£tT 

fee S I MS»£&frofe*llL SI®*^SJg^p^G 
aN^>^M80 8S*fBiS^-e3 x 1 O 18 / c m 

[0266] mM^^i^x^mm^^^t, m&m&m 

[0 26 7] 3iCplGaN3>^hl80 8« 

0»S7K**ft*<5X 1 0 ^ / c m 3 iilTlc & £ C £ 
[ O 2 6 8 ] 4^tt<DMB<DSttH 8 0 4 I*. 

Sttllil nyGal-y N (0<y^1) ^&i«jf*LT 50 



[0269] pSGaNa>^^hl8O80pI^|i| 

a* -e fc <g> m g cDi^tt'ib tf r & p ji ^ o>mm?km 

[0 2 7 0] fclTlC. _btHM^^#-W^ 

iifc^iA- o>T^-f^mizi'oi\xms (c) % 

(d) MI9 (a) . (b) tWBt«, -c-e. 

[O 2 7 1 ] -tfB^^/N— CDG a N3£;Ktt£9H§ 

1^10 O/imCU «imo ^^st 

[0 2 7 2] 3fe|C % JRJ6tt-r^->X^^>^Sa*fflL> 
T\ p^A I 0.1 Ga0.9 KM 8 07$ plGa 

7-<^«Mff^lT CJ^V»8 2 0) „ JSSt«*» 

fate. gibWi^ox 1-100 >*rS](^lf^ Lfc 

(H9 (a) . (b) ) o 

[0 2 7 3] HJfea>^4ir|H|«{c % ISAJ&HHM 

0)® (p^Ga N=J>£^ KM) l=. S*tt-f*>ly 

^>^;**ffl^x. »jy»a>iewA<5stt«8 o 4<z>tem 

tt««ty *>T*(::< -6«fc3i:: % ^£ 1 //m. IMM O/i 
m N fcf^3 O O /im<DH2<Dftjy3f 8 1 3 £JBJ<Lfe 

(8 9 (a) ) 0 BfrffilK2a)9jyaii±. xh^-f^fii 

<tf5]^[S]tf>< 1 ~ 1 0 0>*«I(Z»oT»fifc**Lfco 
[0 2 7 4] ;jfcfC % S i O2«ll8 0 9$If L s U 
8 2 OCD p^G a N =3 >$<7 KM 8 O 8 <7>g^® 

(C x P d ( 1 O n m) /M o ( 1 0 n m) /A u ( 1 5 
Onm) ^I(:lf^tpSig8 1 0&Mf$.-j-& o 

buibpm^ms 1 o&xmLtz'ik. mm&mm&mAL 

4 5 0°CCDN2#ffim4 3 'eT-— ;u$ffofc e 

^Sfe^b^#^tiy--o 

[0 2 7 5] «^r. ^X/N-$«1LICLT, G a N 
Ifilll^ T i ( 1 5 n m) /A I (I50nm) ICct 
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[0276] *ic. isafitft«a>aictt**>-i-*i4fM 

0 9 (b) (c^-To B£&* y-f*— GaNlHJ 
(0®±(C X t°7f 300//m, K20/im, H$I5 0 
jtimflDlfM 0>9iy?*8 1 2$ifitt§c tztzL. S1 0) 
My*8 1 2(Dfl&fiMMtl4. »IEJg2a>9iy*8 1 3(7) 

««(fis**(cjitia>wy9i8 1 zcDmmcDiz&cp&tf 
t< 1 - 1 o o>*[Sj-efc<£>o 10 

[0 2 7 7] ^(C. KKDSiyStS 1 2 CD^frC:^ L T 
II(?)<1 1-2 0>^fS]|C. t°'Vf500/im, 33* 
20/lm, fiMB3 O timOim 1 <Dffly»8 1 4$, 2V 

[0 2 7 8] ?>fy>^ OXA- *y-T1t— Sfifr 

N3it*«*jiicurayf*if. Kffi^^rajrr 

£ 0 ca>«(cLT*3tf>9jy»8 1 fc*= 
11-2 o>*fS]-efc^ 0 

[0 2 7 9] I^f^^^l> O 

< Ga NM»b^3 <D9J y M 8 1 5|:j»oT^| 
L. ^ft?0 5 7-ffl^iit^ (B8 
(c) ) o «Ut, H 1 <D«yai8 1 2(D*ffi3lC?^oT 
_tsBP«lc. ^^SJSfrd (B8 (d) ) , 
[0 2 8 0] C0«J;?l-Lt, Z-fVf^'JiA-* 30 

^ma>aii^*^yi±iLfcpjf. #«*yi*9 5%jsi± 

[0281] u—^m^o^^—mm^^m-cMm^- 

mmT*&>% {1-100] m£^^—i®w[^&£^ 
<i i -2o>*rtt(c»or«iy3i*»jat-r*a>*< 

«j(Dfflic9jy3t*^ja-t±-r(c. a««<awc9jy;i*£fl& 40 
j*-r«£* jsttiiftiea)5^— ttBS-j:y-BSi*cc-r 

[0 2 8 2] *fc, HS6<Dff^1 1 t^Oli(Di§2 

<7>#9J7J;£. fc£iM*ltS6<Dflmi 1 "t?froSM6<D»|g 
7<z>#9J;£}££m^T*,g^o 

[0 28 3]— 7a. U— ififeT-OS^— SdSS^^^V 

y-efl&m-r&ii^i*. ii^iS4, 5. 9. iost: 



[0 2 8 4] U— tf*T<7>3^— «®^JS:*I»<5 1 ^^ 
#91 £ff 5 Sliba>»fi1^&S»fe(D»f|1 2(D 

[0285] **j6(z>^ss-c?»t)*L«3aaii*JitBSiJ6a> 

[0 2 8 6] *fc % *HJ6<D^S-ei*a««*^. 

m. nSJia)»=:*arti**-t*T:tiAt^ &± 

[0 2 8 7] 

[H®<WK##ey»] 

[0 1 ] ( a ) HffiCD^ 1 T?5p LfcT ^ ^»9J<7>fc A 
0>9jy3f^*(DBlT?fc^o (b) IKDff^ll "e^Lfc 
MltiDMyatM (S4EII)) 0itfcl) o (c) HSfccD 

[0 2] ||Jfe(D^JB2-t?^Lfc5 1 ^^»9Ja>fci6<D9Jy 

[0 3 3 S8*6(7>^IB3T?^Lfc^^^»9ia)/=to(D9iy 

[0 4] HSfe(7)ff^4T?^Lf=T^^9]Ofc^(7)9jy 

[0 5] SIJ6O^®5 7?^Lfc^^^9I<D/c^)<09Jy 

[06] (a) mmoi&mi 

K(D«^0-Cfe^o (b) SM6<Bfl£«Bl 11? 
5f Lfc^* ^»9l<7>fctf>(D9] y ^HJtO>0-^fe^o 
(c) i-e*Lfc»b»^»»**y-f*- 

[0 7] (a) StS60>^®1 2^L*=^^#9J(Dfc 
«>a>ffly3l»*(DB|-(?**o (b) 3lJfi(7>flS|gl 2T^ 

[0 8] (a) Hffi(Dff29g1 7-^^UfcnliGa 

a>«ai*a-c?*«o (b) xtE<z>j&fii 

^^u-f0Siitfe^ o (c) HSfeo^i 7 
T?^Lfc^b!te*a{*u— ttvzfto {1-100} m 
®0-efe^ o 

[0 9] (a) MfeOHMBi 7T*Lfcmk**ilH*u 
—tf=?yzf<D {1 1-20} ir®0"efc^o (b) ^ffi 

a®0<tK®0T5fe^ o 
[^^-(DlttB^j] 

1 o •^^T-rrllSffi 

1 1 gSfi 
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1 5 fi;^<^7 7l 

2 0.21 niG a Nl 

3 0.31 mnfom 

4 0. 4 1 SiK-t 0 >^^^nSGaNfI 

eoo. 700 mim^mwm 

1 00. 200. 300. 400. 500. 800 
SGa NSS 

1 02. 202. 302. 402. 502. 602. 

0 2 nMA rxT Gal-xl N^^y KH 

103. 2 O 3. 303. 403. 503. 603. 

0 3 . 8 0 4 ;£ttJI 

1 04. 204. 304. 404. 504. 604. 

0 4 plA h2Gal-x2 N^77 

1 06. 206. 306. 406. 50 6. 606. 

0 6.811 n III 

1 07. 207. 307. 407. 507. 607. 
0 7. 8 1 O pIIS 



10 



408. 508. 608. 7 



6 O 9. 7 O 9 m 



108. 208. 308. 

os miomvm 

109. 31 0. 409. 509, 

2 0 9.309 m3(0m i JM 

8 0 2 nMA I 0.1 Ga0.9 N<7^V KJf 

8 03 nlGaNftAVKI 

805 pMA 10. 2 Ga0.8 N^-V UT^P'^i 

8 O 6 pSGa Kg 

8 0 7 p^A I 0. 1 G a 0.9 HO^fV KB 

8 0 8 piGaN3>^hi 

8 0 9 Si 02$fe^M 

s 1 2 «i o>ay y at 
8 13 m 2 o>s y y at 

814 IRldOtUUai 

sis m3o>mvffi 



[H1] 




205 



106 108 106 ' 



Cb) 




306 309 308 306 1 / 306 

309 308 
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7P> h^—iXDWt^ 

F £ — A (##) 5F041 AA41 CA04 CA05 CA34 CA40 
CA46 GA48 CA49 CA53 CA54 
CA57 CA65 CA74 CA75 CA76 
CA77 CA82 CA92 
5F073 AA13 AA73 AA74 CA07 GB02 
CB05 CB07 CB17 CB19 CB22 
DA05 DA22 DA24 DA25 DA32 
DA34 EA07 40 



